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Resource Recovery from Waste

Humans generate millions of tons of waste every day. This waste is rich in water, nutrients, energy, and 
organic compounds. Yet waste is not being managed in a way that permits us to derive value from its 
reuse, whilst millions of farmers struggle with depleted soils and lack of water. This book shows how 
Resource Recovery and Reuse (RRR) could create livelihoods, enhance food security, support green 
economies, reduce waste and contribute to cost recovery in the sanitation chain.

While many RRR projects fully depend on subsidies and hardly survive their pilot phase, hopeful 
signs of viable approaches to RRR are emerging around the globe including low- and middle-income 
countries. These enterprises or projects are tapping into entrepreneurial initiatives and public-private 
partnerships, leveraging private capital to help realize commercial or social value, shifting the focus 
from treatment for waste disposal to treatment of waste as a valuable resource for safe reuse.

The book provides a compendium of business options for energy, nutrients and water recovery via 
24 innovative business models based on an in-depth analysis of over 60 empirical cases, of which 
47 from around the world are described and evaluated in a systematic way. The focus is on organic 
municipal, agro-industrial and food waste, wastewater and fecal sludge, supporting a diverse range of 
business models with potential for large-scale out- and up-scaling.

Miriam Otoo is a Research Economist, leading the Research Group on Resource Recovery and Reuse 
at the International Water Management Institute (IWMI).

Pay Drechsel is Principal Researcher at the International Water Management Institute (IWMI), leading 
IWMI’s Strategic Program on Rural-Urban Linkages and the related Research Flagship of the CGIAR 
Research Program on Water, Land and Ecosystems (WLE).
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Foreword

Rapid increases in the human population and in consumption per capita threaten to stretch the 
planet’s capacity to sustain growth beyond its limits. The time has come to move away from the ‘take, 
make, dispose’ paradigm of production and consumption, which has dominated global society since 
the Industrial Revolution, towards what has been termed a ‘Circular Economy’, which incorporates 
recycling into the production-consumption cycle.

The Circular Economy concept offers multiple benefits, which have gained recognition in recent decades 
under various guises: including ecological economics, green growth and sustainable development. 
The United Nations Agenda 2030 and its 17 Sustainable Development Goals (SDGs) acknowledge 
the environmental limits to growth and human well-being. The environment features prominently in 
many targets of the SDGs – particularly SDG 2 on food security and sustainable agriculture, SDG 6 on 
water reuse and water for ecosystems, SDG 12 on waste recycling and reuse and SDG 15 on restoring 
degraded soils, to name a few.

What the green development has lacked so far, however, thus limiting its success, are workable 
business models that incentivize economic agents to act on the basis of social and environmental 
concerns, and consider these as concrete bottom lines in their business decisions. As a result, 
efforts to mainstream Corporate Social Responsibility (CSR) have relied mainly on the conscience 
of business leaders, appealing to their sense of responsibility for social and environmental concerns. 
The proponents of CSR policies have rarely justified them in terms of their most important bottom 
line, the financial one. The goal of the Circular Economy, on the other hand, is for business leaders to 
assess business viability not only in the short term but for the future generations who will demand their 
services. The idea is for businesses to internalize the wider environmental costs and benefits in their 
production decisions and to make consumers complicit in these decisions.

This publication showcases real examples from around the world, demonstrating how plant nutrients, 
energy and water can be recovered from what is currently viewed as ‘waste’ – avoiding their 
unregulated disposal into the environment and associated costs (e.g. health costs, clean-up costs), 
while also capturing the financial value associated with reuse of the treated or recycled resource. Like 
a catalogue, compiled mostly from low- and middle-income countries, the book covers a wide range 
of value propositions to maximize cost recovery and social or financial benefits. It is impossible to 
underestimate the importance of recovering resources, particularly from food waste in growing urban 
centers, for the benefit of the water, energy, nutrient and carbon cycles. If these case studies and the 
models derived from them can inform broader programs aimed at scaling up good practices, they will 
contribute importantly to the achievement of many SDG targets, including SDG 11 on more resilient  
cities.
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xvi FOREWORD

What these case studies demonstrate is that businesses working towards a Circular Economy can 
create social and financial value beyond cost recovery. However, the success of these business 
models relies on the presence of an enabling environment, such as laws and regulations, strong capital 
markets, consumer advocacy, and so on, to attract private capital and expertise. These findings 
underline the critical role of governments in making the Circular Economy a reality.

The catalogue fills a significant gap in the literature and should prove useful not only for today’s 
investors and policy makers but also for the curricula of engineering, economics, environmental and 
business schools. This will help sensitize the next generation of decision makers to the opportunities 
inherent in the Circular Economy.

On behalf of the editors and authors, we strongly recommend the catalogue to readers working at the 
interface between waste management, sanitation and other sectors, such as agriculture, and urge 
them to make good use of this timely and valuable publication.

Guy Hutton
Economist

Senior Adviser, UNICEF
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Business models for a circular 
economy: Linking waste management 
and sanitation with agriculture
Urbanization is the pre-eminent global phenomenon of our time. Currently, urban areas account for 
75% of the world’s natural resource consumption, while producing over 50% of the globe’s waste on 
just 2–3% of the earth’s land surface (UNEP, 2013). Without recycling, cities will continue to constitute 
vast sinks for food waste including valuable crop nutrients and organic matter, while millions of rural, 
peri-urban or urban farmers struggle with depleted soils to feed the growing urban population. Yet, 
it is not only the loss of valuable, and in part, finite resources, but also the costs of poor waste 
management, i.e. environmental pollution and the production of avoidable greenhouse gases (GHG) 
which threatens sustainable urban growth. Halving, for example, the current rate of food wastage 
would greatly support waste management while reducing GHG emissions by 22–28% (WEF, 2016). 
So far, the environmental costs of poor waste management are usually externalized and the market 
incentives to reduce waste are minimal.

While global demand projections for water, food and energy predict continuous and significant growth, 
the declining reserves of the non-renewable phosphorus, copper and zinc resources (Holmgren et al., 
2015) reinforce the need for more investments in resource recovery and reuse across the food, waste 
and sanitation sectors (Ellen MacArthur Foundation, 2017; TBC, 2016).

While Europe continues setting an example with the implementation of a first action plan on the 
circular economy (EC, 2016), more attention should be given to natural resource loops in low- and 
middle-income countries, especially in the tropics where soils are poor and nutrient depletion is high 
and commercial fertilizer is basically unaffordable. Minimizing resource loss and returning resources 
into the food production process is essential in particular in drier climates where every drop of water 
counts and organic matter is needed for sustaining soil fertility as natural biomass production is low. 

Aside from the reduction of food waste along the food chain, resource recovery allows to capture value 
even from apparently ‘wasted’ resources (FAO, 2011). In particular, domestic and agro-industrial waste 
is rich in water, nutrients, energy and organic compounds. Yet, in most parts of the world, this waste is 
not being managed in a way that permits us to derive value from its reuse, although resource recovery 
is nothing new. Closed loop systems linking food waste and food production have been practiced 
for generations in many rural societies. However, population growth and urbanization in particular 
have increased distances and polarized food flows towards urban centres where agricultural reuse 
opportunities for food waste are limited.

But cities are not only ‘hungry’; they are also ‘thirsty’. Van Rooijen et al. (2005) crafted the term 
‘Sponge City’ to visualize the urban metabolism which is absorbing freshwater from its periphery 
while discharging wastewater which has a high potential to support ecosystem services and food 
production in water-scarce regions, if wastewater treatment and safe reuse can be achieved. If not, 
this water will be a threat to food safety and public health.

In fact, due to limited treatment capacities, the various domestic waste streams, solid as well as liquid, 
form a significant part of the unwanted urban footprint. The resulting pollution constitutes not only the 
paramount environmental and health challenges that today’s exploding cities and their surroundings 
are facing, but also a significant economic challenge in countries where waste collection and treatment 
cannot be financed through taxes and fees (Kennedy et al., 2007; Le Courtois, 2012). This mismatch 
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puts into question the sustainability of urban growth where it is the fastest unless alternative business 
models are put in place (Muradian et al., 2012; Villarroel Walker et al., 2012).

In the context of resource poor countries, it is more than opportune to argue for a circular metabolism, 
as increasingly promoted in many developed nations, where waste segregation and recycling contribute 
to overall system resilience (UNEP, 2017) and the values of green growth, i.e. an economy without 
degrading the environment. In this regard, the urban waste challenge – including fecal matter generation 
− can offer immense and scalable opportunities for entrepreneurs through transforming waste from 
domestic and agro-industrial sources into low-carbon assets for use in agriculture and other sectors 
(Figure 1). This is strongly supported by the Sustainable Development Goals (SDG) targeting for example 
water reuse (SDG 6), renewable energy (SDG 7) and waste recycling and reuse (SDG 12), which can help 
to restore degraded soils (SDG 15) for sustainable agriculture and food security (SDG 2) and resilient 
cities (SDG 11). Especially wastewater and the different organic fractions of municipal waste streams 
offer a significant potential for the support of a ‘biocycle economy’ (Ellen MacArthur Foundation, 2017).

These opportunities for value creation from resources that would otherwise be irretrievably lost 
also allow for cost savings and/or cost recovery in the sanitation sector; for example in the case of 
composting which, depending on scale, reduces municipal solid waste volumes and transport costs 
with the potential to enhance the lifetime of landfills with less GHG emissions. Furthermore, by moving 
increasing amounts of biological material through anaerobic digestion or composting back into the soil, 
a circular economy approach will reduce the need for chemical fertilizers and soil amendments (Box 1).

WASTE 
FLOW

HUMAN 
EXCRETA

DETERGENTS

Food and other 
ORGANIC 

RESIDUES

ANIMAL 
MANURE

OTHER 
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USED WATER
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OTHER
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FIGURE 1. OVERVIEW OF WASTE STREAMS AND RESOURCES WITH POTENTIAL FOR THE RECOVERY 

AND REUSE OF NUTRIENTS, ORGANIC MATTER, WATER AND ENERGY

Source: Andersson et al., 2016, modified.
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As farm soils need organic material, especially on highly weathered tropical soils, closed loop processes 
appear to be a win-win situation (Drechsel and Kunze, 2001). It is estimated that halving the current rate 
of food wastage could meet over a fifth of caloric needs by 2050, reducing required cropland by 14% 
(WEF, 2016). The reality is however, that resource recovery and reuse (RRR) has been until now more 
theory than practice. RRR remains challenged where awareness for ‘green’ values and opportunities is 
less developed, public perceptions do not favour reuse or municipal capacities are too constrained to 
make the required investment. Developing countries spend around USD 46 billion annually on waste 
management, and it is estimated that they should spend another USD 40 billion to cover the current 
service delivery gap (Le Courtois, 2012). The total costs are expected to surpass USD 150 billion by 
2025. The additional capital investments required for safe fecal waste management in support of the 
SDGs target 6.2 amount to about USD 49 billion per year (Hutton and Varughese, 2016).

In their daily struggle with the service delivery gap, many municipalities consider RRR a task for the 
future, once their current challenges are under control. What Onibokun (1999) called ‘Managing the 

Box 1. The potential of organic waste for the circular economy

The World Economic Forum has estimated potential global revenues from the biomass value 
chain (production of agricultural inputs, biomass trading and biorefinery outputs) as high as 
USD 295 billion by 2020. Cities, as major concentrators of materials and nutrients, and the power 
of generating over 80% of the global Gross Domestic Product (GDP), will play a major role on the 
‘biocycle economy’.

Return of food waste: If 100% of consumption-related food waste and 50% of other food 
waste generated today were returned to the soil, it could replenish 5 million tonnes of nitrogen, 
phosphorus and potassium (N, P, K) reserves, substituting for 4% of current N, P, K consumption.

Return of animal manure: If all the nutrients from the current stocks of cattle, chicken, pig 
and sheep manure were captured, they would yield an astounding 345 million tonnes of N, P, K 
annually − more than twice the world’s current consumption. Using animal manure also improves 
soil structure and organic content and reduces commercial fertilizer loss.

Return of human waste: Human waste also contains significant amounts of N, P, K. If nutrients 
contained in the waste of the world’s population were captured, they would amount to 41 million 
tonnes, representing 28% of the current N, P, K consumption.

In theory, the organic sources of N, P, K fertilizer recovered from food, animal and human waste 
streams could on a global scale contribute up to 2.7 times the nutrients contained within the 
volumes of chemical fertilizer currently used.

Further analysis is needed to assess what share of organic fertilizers could be returned to the 
soil in a cost-effective way. In OECD countries, for example, an estimated 177 million tonnes of 
municipal organic waste are produced annually, of which 66 million tonnes are so far valorized 
in composting or anaerobic digestion. The market value of N, P, K in this fraction is estimated at 
USD 121 million per year, and adds an estimated 5 million tonnes of stable carbon (and 10 million 
tonnes of carbon in total) to OECD soils every year in the form of compost/digestate. ISWA (2015) 
estimate that around 58 million tonnes additionally could feasibly be collected and valorized.

Source: Ellen MacArthur Foundation, 2013, 2017; ISWA 2015.
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Monster’ is in fact often absorbing as much as half of the municipal budget in many low-income 
countries (Le Courtois, 2012).

Accepting the limitations of the public sector, an opportunity is to leverage private capital based on 
the value of the recovered resources (Otoo et al., 2012; Le Courtois, 2012). This could also support a 
conceptual transition from ‘treatment for safe disposal’ to ‘design for reuse’ (Murray and Buckley, 2010; 
Huibers et al., 2010). In such a postmodern sanitation system (Ushijimaa et al., 2015), incentives for 
financing sanitation could be shared between ‘front-end users’ and ‘back-end users’ building on demand 
for the products of sanitation and waste management to motivate a combined finance model and more 
robust operation and maintenance of complete sanitation systems (Murray and Ray, 2010). This would 
require a supportive regulatory and finance environment and well-designed partnerships agreements.

However, the lessons learned so far have also shown that closed loop processes do not manifest 
themselves through the promotion of composting, water reuse or – for example − ecological sanitation. 
What is often described as an engineering challenge (�Reinvent the Toilet�) and in fact is often driven 
by technology development, like for the removal of unwanted struvite in wastewater treatment plants 
(‘phosphorus recovery’), is increasingly understood as an institutional, social and economic challenge. 
There is significant need for investments in market research, bankable business models for cost recovery, 
stakeholder buy-in and innovative partnerships, especially if scalability and sustainability are targeted 
(Guest et al., 2009; Le Courtois, 2012; Beltramello et al., 2013; Hanjra et al., 2015; Verstraete and 
Cornel, 2014). Countless failed composting projects began with significant amounts of grant funding 
but eventually collapsed due to their inability to support their operational costs (World Bank, 2016).

Given the common situation of the waste and sanitation sectors, especially in Africa and Asia, the term 
‘business models’ might appear to be out of place. However, exactly where every step towards cost 
recovery counts, the thinking has to change (Koné, 2010). While for example wastewater treatment 
was and is first of all a ‘social business model’ with a strong economic justification and returns on 
investments through safeguarding public health and the environment, a second (reuse-based) value 
proposition can offer incentives for private sector engagement, that leverage private capital to help 
realize commercial or social value. However, what sounds in theory promising often faces fundamental 
structural barriers. In fact, 88% of developing country governments have no cost recovery efforts at all 
for water and sanitation (Muspratt, 2016a).

There are multiple bottlenecks faced by both the public sector and/or the emerging private sector 
across most low- and middle-income countries. These include financing challenges, unsupportive 
regulations and slow approval processes, but also missing the capacity to present viable business 
plans for penetrating the reuse market. In particular, organic waste composting is often more driven 
by cost savings than revenue generation (Box 2) which can potentially undermine those SDG targets, 
which will count actual ‘reuse’. Thus, private sector participation in waste management is not a 
panacea for success in promoting Resource Recovery and Reuse unless the companies understand 
how to approach the reuse market (e.g. Rouse et al., 2008) and can count on an enabling environment 
(see Chapter 19). In particular in Africa, smaller start-ups struggle with bureaucracies and financing 
(Muspratt, 2016ab), while larger companies, that can accommodate delays, succeed. In India, for 
example, several firms have emerged that treat today the waste collected by municipalities without 
any charge, while revenue is generated exclusively by recycling the waste collected (Furniturwala, 
2012). In this regard, urbanization is not only posing challenges but also opportunities compared with 
rural areas, such as market proximity, shorter transport distances, higher purchasing power, export 
hubs and economies of scale that can attract private capital, if the enabling policy environment is in 
place and de facto functional.
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A second prominent RRR bottleneck is the understanding of the impact and related value of planned 
interventions compared with the counterfactual ‘business as usual’. Internalizing any possible 
externalities especially on human and environmental health is important to attract public subsidy 
as a well-justified revenue stream. When the environmental and societal benefits of investments in 
sanitation and waste management are accounted for, most RRR projects will be viable (ADB, 2011; 
Andersson et al., 2016). However, while benefits can be easily and fully internalized by governments 
and citizens, they are very difficult for a private company to monetize (Muspratt, 2016a). On the other 
hand, the private sector is under increasing pressure to accept corporate social responsibility (CSR), 
account for its own externalities, and engage in mitigation measures.

Corporate social and environmental responsibility
The call for corporate responsibility is echoed in SDG 12.6 (Encourage companies, especially large 
and transnational companies, to adopt sustainable practices and to integrate sustainability information 
into their reporting cycle). While CSR has a high potential to support a circular economy, its success 
at national level will not only depend on the private sector but also how governments, which carry 
the responsibility for achieving the SDGs, will ‘encourage’ firms to take part (Fogelberg, 2015). For 
example, section 135 of India’s Companies Act 2013 requires (on a “comply-or-explain” basis) that 
firms satisfying specific size or profit thresholds spend a minimum of 2% of their average (pre-tax) 
net profit on CSR; moving a voluntary CSR contribution into a law. The risk is that this transforms 
CSR more into an offset tax than social or environmental consciousness, as a company can choose 

Box 2. Cost savings as a driver for resource recovery (and reuse)

Where land prices go up in urban vicinity, communities do not accept hosting a landfill. This is 
resulting in increasing transport costs for municipal waste disposal to remote areas where land 
is still abundant. As transport can be their major cost factor, many waste managers show a 
strong interest in composting as a means to reduce waste volumes and transport costs (Drechsel 
et al., 2010). If the compost is eventually ‘burned’, distributed for free, or becomes a revenue 
stream, from the waste management perspective this is often of lower relevance, especially 
where (i) contracts are based on the processed waste volume, but not on the sale or reuse of the 
recovered resource, or (ii) the gains from volume reduction outweigh any expected returns from 
compost marketing.

The same applies to those waste-to-energy projects, which are designed (and financed) for 
absorbing municipal solid waste (MSW) in order to reduce municipal service costs as a whole. 
Energy production is in these cases often only a secondary revenue stream, while MSW sorting 
cost and its low calorific value constrain the business. Another example are enterprises engaged 
in the collection of human excreta from non-sewered sanitation systems, which might engage 
in composting, primarily to reduce the costs of waste disposal, and not because of expected 
compost revenues.

In addition, energy or phosphorus recovery within wastewater treatment processes is largely driven 
by cost reduction. The recovery of phosphorus, for example, prevents damage of pipes and valves 
through unwanted precipitation. The resulting savings in chemicals otherwise needed to remove 
the crystals can more or less finance enterprises specialized in P recovery while the generated 
P-fertilizer is a side product which is often struggling to find more than a niche market (Otoo  
et al., 2015; see also Business Model 16).
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to contribute, e.g. to funds of the Central Government or the State Governments for socio-economic 
development (Grant Thornton India LLP, 2013), independently of the company’s own practices and 
challenges, e.g. in view of responsible resources management.

A closer monitoring is provided by independent CSR assessment agencies, as for instance by the 
Newsweek Green Rankings. The ranking is based on eight key performance indicators, including waste 
generation/recovery/reuse, GHG emissions, energy and water demands and so forth. Companies 
failing to disclose data for the rigorous analysis by Newsweek and partners would receive a score of 
‘0’, thus negatively affecting their overall performance and public image. The rise of the social media 
is in this regard an important factor. When catering to global markets, big companies sell millions  
of products every day. However, any negative press can set off within the shortest period a series of 
consequences via social media that may be detrimental to a product or brand’s image. These days 
this puts much higher pressure on companies to maintain their image compared to a decade ago and 
a number of rating agencies support these efforts (Novethic, 2013).

Corporate social and environmental responsibility can thus directly and indirectly trigger and support 
RRR. The key words are “responsible and sustainable sourcing of raw materials”, including direct 
commitments to the circular economy (Box 3).

Sustainable sourcing is increasingly receiving attention as consumers and other stakeholders want to 
know where their food comes from and how it was produced. Supply chain audits can have a far reach 
and catalyze environmental consciousness at an unexpected pace and far from the company’s home. 
In one of the reported cases in this catalogue (Chapter 18), local private textile suppliers offered their 
own government to co-finance wastewater treatment plants to be able to comply with the responsible 
sourcing criteria of their European buyers as otherwise they would no longer be accepted, resulting 
in financial crisis.

Box 3. Towards a circular economy in the food sector

Based on CSR principles global companies such as Cargill, Nestlé, Starbucks, Unilever etc. 
support in many low-income countries extension services, traders and farmers, e.g. in view of 
access to inputs and markets along the companies’ value chains. Social and environmental 
commitments include responsible sourcing of raw materials and a high commitment to personal 
and product safety, resource recovery and zero waste schemes, or for example the provision of 
fortified but affordable food. In larger companies, these commitments are part of the corporate 
value proposition and monitored through audits and certifications by independent accredited 
bodies issuing sustainability rankings and indices. The same applies to agricultural input suppliers 
like BASF and its resource use efficiency optimizing ‘Verbund’ principle. Global food company, 
Danone, to give another example, has announced in 2016 a new partnership with the global 
waste-management company, Veolia, to embed circular economy principles inside the company 
and to promote them widely. Danone aims for systemic change to preserve natural resources 
and to move to a more circular value chain. Danone was recently awarded the Environment Top 
Performance prize by the Environmental and Social Governance (ESG) ratings agency Vigeo, 
among 1,300 companies assessed. The company has circular economy projects like recycling 
by-products from yoghurt production for animal feeds, fertilizer and energy.

See also: www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-
insights/toward-a-circular-economy-in-food?cid=eml-web (accessed November 7, 2017)
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The next step of corporate responsibility is the monetary valuation of the ecosystem services that are 
positively or negatively affected, and to integrate these financial values into corporate accounting. 
Negative balances could be offset through carbon or ecosystem credits (NSW, 2007; The Rockefeller 
Foundation, 2015). Internal carbon pricing, which is of particular interest for RRR, is now becoming 
a widely used tool helping companies shift to lower-carbon business models. Over 1,200 companies 
reported to CDP, formerly the Carbon Disclosure Project, in 2016 that they are currently using an 
internal price on carbon or plan to do so within the next two years (CDP, 2016).

To avoid that offsetting becomes the main investment and a license for ‘business as usual’, green 
accounting requires shared definitions, indicators and methodologies for measuring and monitoring 
impacts to allow public sector investment ideally in the same area of concern, e.g. in wastewater 
treatment (DeLonge, 2012; Meyers and Waage, 2014).

From business cases and opportunities to business models
With three SDG supporting directly RRR, and an increasing attention to the synergies between CSR 
and the circular economy, the objectives of this book are:

To show scalable options for RRR as a value proposition to stimulate business thinking in the 
interface of sanitation, waste and agriculture.

To build capacity for a more integrated and inclusive approach to the recovery of water, carbon, 
nutrients and energy from domestic and agro-industrial waste for reuse.

To provide opportunities for local business model adaptation across low-income countries, where 
the public sector struggles to finance closed loop processes through household taxes and fees, 
and start-ups struggle with an only slowly emerging enabling environment.

Chosen from about 150 public and private RRR projects and enterprises, of which over 60 were 
analysed in detail, this catalogue presents a selection of 47 empirical business cases (Figure 2), from 
which 24 business models were extracted. Chapter 2 provides some background into the methodology 
and definitions used for the selection and analysis of the cases and models. A separate catalogue 
looking at 18 institutional business models for managing the ‘ultimate’ food waste, i.e. fecal sludge, 
including resource recovery and reuse as fertilizer and energy source, has been published separately 
(Rao et al., 2016).

Our understanding of the term ‘business model’ follows Osterwalder and Pigneur (2010), i.e. a business 
model describes the rationale of how a firm or organization creates, delivers and captures value in 
economic, social, cultural or other contexts. In our case, the common value proposition is the creation 
of a useful resource from material which otherwise would be wasted. Given the multitude of domestic 
and industrial RRR options, in this publication we are looking mostly at those options where 
either the waste derives from the food chain and/or the recovered resources support the food 
chain. In other words, most presented cases and models are limited to the recovery of (i) water, (ii) 
crop nutrients and carbon (organic matter) and (iii) energy, derived from domestic and agro-industrial 
waste, including food waste, wastewater and excreta. By limiting the scope to the food chain, other 
recyclable resources like glass, plastic or metal are not addressed.

In order to increase the probability of replication in low- and middle-income countries we tried to focus 
mostly on cases and experiences in Asia, Africa and Latin America, operating at community or city 
scale, i.e. we exclude individual household- or farm-based efforts for resource recovery and reuse.  
A few cases from high income countries, with potential for replication in other parts of the world, 
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are also included. The description of cases and models followed defined templates (see Chapter 2) 
bridging between the needs of students in business schools looking for detailed case studies and 
those of investors in need of a compact information, which was not easy to combine.

In the literature, the term ‘business model’ is commonly used for a broad range of informal and formal 
business processes, structures and purposes resulting in very diverse interpretations and definitions. 
Similarly, many options exist to name or cluster business cases and models in categories, especially 
in the young domain of sustainable development and green economy where existing examples are 
fragmented (George and Bock 2011; Beltramello et al., 2013). It is important in this context to stress 
that the term ‘business’ should not imply that ‘business models’ have to be profit-oriented or able 
to achieve through their value proposition full cost recovery. In sectors, like waste and sanitation, 
which usually rely on public financing, any scalable efforts towards cost recovery or cost savings 
are already a paradigm shift and should be seen as a step in the right direction, next to the 
creation of social and environmental value. Reduced expectations are in particular required in view 
of water reuse in agriculture. In many situations, the direct revenues from selling treated wastewater to 
farmers are small, given that fresh water prices are often subsidized or groundwater freely accessible. 
However, the situation can change if further value propositions are added, such as the use of the 
water for fish feed and fish production, energy recovery or treatment for industrial or potable reuse 
(Rao et al., 2015). In those cases, the full recovery of operational and maintenance costs, or even the 
recovery of capital costs, can be possible as the examples in the book show. But more common and 
equally important are those cases where operational cost recovery varies between 10 and 90% and it 
is critical to analyse what prevents a waste-based venture from moving up the scale.

In cooperation with different business schools, the catalogue adopted the extended Business Model 
Canvas (Osterwalder and Pigneur, 2010) to visualize the different business models, including their 
externalities. Externalities are very important as the waste and sanitation sectors not only benefit 
society but also are prone to environmental and human health risks. Hence, an important requirement 

WASTEWATERENERGY NUTRIENTS AND ORGANIC MATTER

FIGURE 2. LOCATIONS OF BUSINESS CASES DESCRIBED IN THE BOOK
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for any type of waste management scheme, including resource recovery, is the need to safeguard 
public health. Risk management and mitigation for safe waste handling and reuse are thus essential 
components of the sustainability and acceptance of any RRR business model, especially where the 
waste might contain fecal matter or other chemical contaminants. This was emphasized through 
collaboration with the World Health Organization (WHO) and development of the Sanitation Safety 
Planning (SSP) concept, which supports the operationalization of the safe use of wastewater, excreta 
and greywater in agriculture and aquaculture (WHO, 2015; Andersson et al., 2016).

This catalogue with its cases and models targets a community more interested in business opportunities 
than technical solutions. The description of technologies as far as they relate to the value proposition 
or particular safety measures remains throughout brief except where business models are technology 
driven. With its focus on low- and middle-income countries, the catalogue does not include those 
high-tech solutions for RRR, which first have to show their replicability and sustainability in the context 
of these regions as stressed, e.g. by Wang et al. (2015), Nhapi and Gijzen (2004), Murray and Drechsel 
(2011) or Libhaber and Orozco-Jaramillo (2013).

Although neither the presented cases nor models cover the whole spectrum of agriculture related 
RRR value propositions, this catalogue is the most profound analysis and comprehensive compilation 
made so far to show the business side of RRR in the interface of sanitation, waste management and 
agriculture in low-income countries. While in some cases it was not possible to obtain from the private 
or public sector the requested financial information, or only under a non-disclosure agreement, the 
models should provide enough information to be an excellent starting point for business schools and 
investors to approach this so far uncharted sector.

An analysis, which is cutting across several of the presented cases and models was presented by Rao 
et al. (2015) for water reuse, Gebrezgabher et al. (2015) for energy recovery and Otoo et al. (2015) for 
nutrient and organic matter recovery and reuse.
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Defining and analyzing RRR business  
cases and models
The objective of this second chapter is to explain how the cases were selected and analyzed and 
how the authors derived the business models. The starting point was the identification of ‘promising’ 
empirical resource recovery and re-use (RRR) enterprises and governmental projects. In other words, the 
presented models are essentially not theoretical but have been tried – in most cases – in the context of 
low- or middle-income countries. ‘Promising’ in this context means that the cases, which informed the 
models, moved beyond a fully-subsidized pilot stage or were never designed as such, and aim at cost 
recovery or profit with potential for replication and scaling up. It does not mean that the selected cases 
are flawless, and there are many lessons to learn from their challenges. With some exceptions, every 
model presented in the catalogue derived its information from several empirical cases, which allowed 
extracting and flagging their strengths and opportunities as well as possible weaknesses and threats.

For the purposes of this catalogue, we define RRR business cases as:

Business cases are entities, like enterprises, governmental projects or public-private partnerships 
(PPPs), that are engaged in the productive and safe recovery of water, nutrients, organic matter 
and energy from domestic and agro-industrial waste streams (including wastewater) by utilizing the 
recovery and/or re-use value of waste to generate revenue or recover costs in support of waste 
management and/or a healthy or more productive environment.

With the objective of showing scalable options, the presented cases are usually operating at community 
or city scale, i.e. household- or farm-based efforts in RRR have not been included.

Guided by Osterwalder and Pigneur (2010), a business model is defined in this catalogue as follows:

A business model describes how a business creates, delivers and captures value; essentially the 
entire solution comprising the core aspects of the business − business process (e.g. technology), 
target customers, produce, infrastructure, organizational structures, trading practices, operational 
processes and policies, and the strategies it implements to achieve its objectives (be they for cost 
recovery, profit maximization, social impact, etc.).

Serving different target groups of this book, the presentation of empirical RRR business cases and 
models was challenging. While business schools might prefer detailed case studies, practitioners or 
decision makers will prefer a compact overview. The analysis of the cases and development of related 
business models does not come with the well-established base of literature and guidance that we 
are accustomed to from more conventional business sectors (George and Bock, 2011). Moreover, 
the assessment of both formal and informal RRR business cases requires significant groundwork to 
understand the factors that drive their success and likely sustainability, replicability and scalability 
barriers, particularities and opportunities. The analysis thus required the development of a suitable 
methodology, taking into consideration different types of readers, as well as both the micro- and 
macro-environment that cases operate in, while being flexible to cope with possible data gaps.

Assessment of RRR business cases

The business model concept

It is imperative that the concept of business modelling is clearly defined and more so in the context 
of resource recovery and re-use of waste. In the past two decades, the business model concept 
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has become an increasingly pertinent concept in management theory and practice and has received 
substantial attention from academics and business practitioners (Magretta, 2002; Hedman and 
Kalling, 2003; Osterwalder et al., 2005; Shafer et al., 2005; Zott et al., 2011). Numerous definitions of 
the concept have been proposed although no particular terminology has so far been accepted in the 
domain of RRR (Bocken et al., 2014). In general, a business model describes how a business creates, 
delivers and captures value. In the RRR or eco-innovation context, the generic value proposition is 
the recovery of a useful resource from material which would otherwise be wasted. The related direct 
or indirect benefits can be savings, cost recovery, profits, welfare benefits, or an improved reputation 
(Beltramello et al., 2013; Hanjra et al., 2015).

In order to understand and operationalize the business model concept, Osterwalder and Pigneur (2010) 
described a business model as consisting of four core elements which can be disaggregated into nine 
building blocks that, taken together, create and deliver value. These four core elements describe a firm’s:
1) Value proposition which distinguishes it from other competitors through the products and services 

it offers to meet its customers’ needs;
2) Customer segment(s) the firm is targeting, the channels a firm uses to deliver its value proposition 

and the customer relationship strategy;
3) Infrastructure which contains the key activities, resources and the partnership network that are 

necessary to create value for the customer; and
4) Financial aspects (costs and revenues) which ultimately determine a firm’s ability to capture value 

from its activities and break even or earn profit.

Based on these core elements, Osterwalder and Pigneur (2010) describe a business model through a 
canvas of nine components. There are different possibilities to extend or modify the canvas.1 In this 
catalogue, we use an extended canvas by the same authors, which considers, with two additional 
components, possible positive and negative externalities (Figure 3). This extension is particularly 
important for the waste and sanitation sectors given related risks for human and environmental health, 
but also significant social benefits. 

The business model canvas also provides many of the details needed to understand if a particular 
model could be viable in a different context than where it was used so far. However, the canvas 
does not provide information of the external business environment, like competition, regulations and 
the enabling business environment in general (see Chapter 19) which can be captured through RRR 
feasibility studies (Otoo et al., 2016).

Nomenclature and classi�cation of RRR business models
Bocken et al. (2014) provide a structural approach towards business model categories in the domain 
of sustainability. The models described in this book fall in general under the archetype ‘create value 
from waste’ where we also find the concepts of ‘closed loop’ and ‘circular economy’. However, while 
we could argue that water, energy and nutrients are indeed materials which are continually recycled 
through the production system, an alternative term could be ‘re-materialization’, i.e. the innovative 
sourcing of materials from waste, creating entirely new products such as high-quality fertilizer or energy 
(Clinton and Whisnant, 2014). Business models within any of these structures could be categorized 
based on the type of waste, type of recovered resource, type of value proposition, partnership or 
ownership, or modes or scale of revenue generation (Evans et al., 2013).

These models can be very dynamic as with increasing environmental awareness and technical options, 
waste management approaches are continuously redesigned to optimize their value proposition. This 
includes their ability to capture so far missed RRR opportunities and values such as through carbon 
trading or biodiversity offset programs (Bocken at el al., 2013).
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Criteria and process for the selection of analyzed RRR business cases
The cases presented in this catalogue were selected in different steps each using different criteria. The 
main objective of the exercise was to understand drivers of success and sustainability strategies; and 
based on the analysis of different related cases, to extract/construct generic business models, which 
summarize innovative and promising components of these businesses with potential for scaling up 

TABLE 1. A POSSIBLE CATEGORIZATION OF THE PRESENTED RRR BUSINESS MODELS

VALUE-
ADDED 
PRODUCT

SECTOR OBJECTIVE BUSINESS MODEL

Water Reuse Public;
Public/private

Cost recovery Wastewater for greening the desert

Enabling private sector investments in 
large-scale wastewater treatment

Public/private Welfare/pro�t 
maximization

Leapfrogging the value chain 
through aquaculture

Public/ Informal
Public/ private

Welfare maximization Cities as their own downstream users

Inter-sectoral water exchange

Corporate social responsibility 
as driver of change

Wastewater as a commodity driving change

Farmers� innovation capacity 
as driver of change

Nutrient 
and organic 
matter 
Recovery

Public / private sector Cost recovery Subsidy-free community based composting

Partially subsidized composting 
at district level

Public and/ or 
Private Sector

Welfare/pro�t 
maximization

Large-scale composting for 
revenue generation

Compost production for sustainable 
sanitation service delivery

Cost savings Nutrient recovery from own 
agro-industrial waste

Phosphorus recovery from 
wastewater at scale

Private and/or 
Informal sector

Cost savings Outsourcing fecal sludge 
treatment to the farm

Energy 
Recovery

Public Sector Cost recovery Power from municipal solid waste

Private Sector Pro�t maximization Briquettes from agro-waste 
or municipal solid waste

Bio-ethanol and chemical products 
from agro- and agro-industrial waste

Pro�t maximization/ 
Cost Savings

Combined heat and power from agro-
industrial waste for on- and off-site use

Pro�t and Welfare 
maximization

Power from agro waste

Combined heat and power from agro-
industrial waste for on- and off-site use

Cost savings/Welfare 
maximization

Biogas from fecal sludge and kitchen waste

Power from manure
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and out in (other) low- and middle-income settings including emerging economies. Following an initial 
screening of about 150 cases suggested by the literature, media and experts, over 60 empirical re-use 
cases were analyzed in detail of which 47 are presented here. As some operate in different locations, 
the actual number of cases is larger. These selected cases allowed for the development of 24 generic 
business models, which are also presented. 

For the first selection round, the cases had to provide evidence, as much as possible, of the following:

 i. Operation in Africa, Asia or Latin America, with special consideration for wastewater re-use cases 
in the Middle East and Northern Africa (MENA) regions;

 ii. Conversion of waste into one or more of the following outputs: nutrients, biomass, energy or water 
for agriculture (i.e. waste becomes an asset and compensates for resources in short supply);

 iii. Generation of revenues from RRR or supporting, at least, cost savings;
 iv. Transactions (will) support cost recovery and ideally also parts of the sanitation chain financially;
 v. Replicability in low- and/or middle-income countries at scale, i.e. not only at the level of one 

household or farm;
 vi. Distinct creation of social and/or environmental benefits; and
 vii. Likelihood of data accessibility.

The empirical investigation of the preselected 60+ RRR businesses was based on a template (Box 
4) with questions tailored to the different waste streams and recovered resources. Information was 
obtained, wherever possible, through local data collection by project staff or consultants, i.e. in direct 
interaction with the businesses, or remotely via email, explaining the purpose and background of 
the study and incentives2 for collaboration. Depending on the sensitivity of the case/business entity, 
and/or its responsiveness, in-depth literature surveys combined with expert consultations were also 
employed.

Box 4. Business case assessment template

 1) Context and background: Describes the wider perspective on the history and development 
of the business. It also describes the geographical location and the government policy on 
re-use activities within which the business is operating. Most of the information contained in 
this section is gathered from business entities or secondary literature.

 2) Market environment: Describes the needs in the market that drive the existence and 
development of the business, i.e. it describes what the business does and how it serves 
market needs. The assessment of the market environment was also supported by a literature 
review.

 3) Macro-economic environment: Discusses briefly the global or national market conditions 
or economic infrastructures that enable or represent a supportive factor or a constraint to 
the business. Relevant information on the macro-economic environment was gathered from 
country policy reviews and other relevant literature.

 4) Business model description: Describes the RRR business case by applying the business 
model canvas as illustrated in Figure 3. This section discusses the linkages between the 
elements of the business model and focuses on answering: why the business model works, 
the core element for its functioning and the essence of the business model. Most of the 
information was gathered from business entities. 
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The collected data were analyzed using a combination of the multicriteria approach, business model 
canvas and strengths, weaknesses, opportunities and threats (SWOT) analysis. Depending on data 
availability and time, the amount of gathered data/information varied. In several cases, financial data 
were, for example, only available under the condition of non-disclosure, or insufficient for any financial 
analysis or representative presentation.

Development of RRR business models
The key objective for the assessment of existing RRR business cases was to understand their success, 
drivers, challenges and sustainability strategies and, based on these cases, construct generic business 
models with the potential for scaling up and out in other settings. Thus, instead of building theoretical 
RRR business models, the presented models are based on existing cases, or in other words, each 
model comes with several application examples. Only a few models were derived from just one case 
and only one was formulated on promising developments without a particular empirical case. This 
concerns the potential of corporate social responsibility for addressing unsafe wastewater use in the 
informal irrigation sector where the priority value proposition would be risk reduction.

The Business Model Canvas (BMC) was the main tool used for the development of RRR business 
models, based on the 11 fundamental building blocks (see Fig 3). The strength of the BMC lies in 
its simplicity and ability to provide a holistic overview of the essential components of the business 
model that the firm leverages. The BMC is best used as a pre-business planning activity to map 
out the various options a business has for adopting a particular business strategy. In addition, the 

Where identified value propositions are analysed separately, associated descriptions use 
the same background colour within the canvas. In the case where characteristics relate to 
several or all value propositions, a color coding, different from those of the value propositions 
is used.

 5) Value chain and position in the chain: Describes the value chain in which the enterprise 
positions itself. This section applies Porter’s five forces methodology (Porter, 1985) to 
describe the critical relationships with suppliers, partners, customers and other value chain 
actors.

 6) Institutional environment: Describes institutional responsibilities and any legal or regulatory 
factors in the respective country that support or represent a constraint to the business.

 7) Technology and processes: Describe the technology or process used by the business. 
The status of the technology as to whether it has been commercially proven, its local 
appropriateness and risks associated with the technology are also examined.

 8) Funding and financial outlook: Describes the source of financing for the enterprise. Where 
data are available, the key capital and operational cost, revenue streams and cash flow 
statements are presented.

 9) Socio-economic, health and environmental impact: Discusses not only the socio-
economic impact of the business in terms of, for example, number of jobs created, health 
and environmental benefits, but also experienced or possible negative externalities.

10) Scalability and replicability potential: Discusses the potential for scaling up/out the 
business in other geographical locations or settings.

11) SWOT analysis: This section summarizes the model looking at its strengths, weaknesses, 
opportunities and threats.

12) Contributors, links and references: Acknowledge local and international experts and business 
staff who assisted in data gathering, web links and literature used to compile the case.
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BMC allows for stepping away from the details of technological innovations and focusing on the 
best-fit business organizational form that will support successful implementation and adoption of  
the technological innovation. The BMC can be used to map existing models (such as the presented 
cases in this catalogue) and develop new models as adaptations to existing ones or entirely different 
ones. However, as mentioned above, the canvas only addresses parts of a business case, and requires 
additional information.

The presented business models draw strongly on the analyzed business cases, supported by additional 
information from related cases in the literature and interviews. Each model represents an optimized 
generic business model building on the success factors of its supporting cases, with different degrees 
of innovation, while incorporating strategies that address identified or likely shortcomings. These 
relate in particular to the analysis of possible health risks (IFC, 2009) to identify likely hot spots for risk 
monitoring (WHO, 2015).

The business model description follows, like the case description, a standard template (Box 5) with 
exception of some wastewater models, which are based on only one case, and follow a hybrid of 
both templates. Compared with the business cases, some additional components of the model 
presentation require further explanation. This concerns, in particular, the assessment of potential risks 
and risk mitigation measures and the summary assessment based on selected criteria.

Box 5. Business model description template

Business value chain: Describes the basic concept behind the business, explaining the different 
partners and their roles, the organizational structure (public, private etc.), the overall business 
process flow and value chain, the technology and financial arrangements.

Business model description: Describes the linkages between the elements of the business 
model canvas (Figure 3) and focuses on answering: why the business model works, the core 
element for its functioning and the essence of the business model, including information on 
partners and financial aspects to the extent available. Where identified value propositions are 
analysed separately, associated descriptions use the same background colour within the canvas. 
In the case where characteristics relate to several or all value propositions, a color coding, 
different from those of the value propositions is used.

Alternative model scenarios: Describe the option for alternate models derived from the parent 
model.

Potential risks and mitigation measures: Describe the potential risks associated with the business 
model and related mitigation measures. The risks considered include market, competition, technology 
performance, political and regulatory risks, social equity, and environmental and health risks.

Business performance: Summarizes the potential for scaling up/out or for replicating the business 
in other geographical locations or settings. It also describes in general how the business model 
has been appraised based on five performance criteria (cost recovery/profitability, scalability, 
replicability, social impact and environmental impact). It provides an overview of the conditions 
under which the business model should be undertaken and which factors, such as those related 
to land, investment and finance, should be given particular consideration.
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Business risks and risk mitigation
An optimized business model will seek to minimize business risks. These can include but are not limited 
to: a) market risks, b) competition risk in both input and output markets, c) technology performance risk, 
d) political and regulatory risks and e) the risk of undermining social equity. Thus, the business models 
presented here tried to capture possible risks based on the analysis of their supporting cases. As 
business-related risks are context-specific, the risk section can only touch on the possible complexity. 
For market risks, the key factors considered were, e.g. changes in supply and demand, as well as 
likely sources of competition and ease of entry into the market, which depends again on location-
specific market structures. Technological performance risks are related to whether the technology 
is commercially proven and if there are anticipated challenges with repair and maintenance from a 
developing country perspective. As fledgling businesses and their sustainability are largely influenced 
by their enabling environment, political, regulatory and financial instruments to rectify, for example, 
market failures (e.g. price subsidies), are briefly addressed. However, given its crucial role, Chapter 
19 provides more details and examples on how regulatory mechanisms and finance instruments can 
shape an enabling environment for RRR. Finally, social equity related risks were assessed in view of 
poverty alleviation (employment) and gender inclusiveness.

To illustrate the qualitative assessment steps and criteria used, further details for the (i) health and 
environmental risks and (ii) social equity risks are provided in the following:

(i) Health and environmental risk assessment
Given that RRR businesses deal with potentially harmful source materials, special attention was given 
to environmental and health risks. Although the ‘models’ imply, per definition, full compliance with 
safety measures, it is important to flag critical control points and common mitigation measures. Given 
the generic nature of the models for possible application in different countries, the risk assessment 
had to remain generic. In the instance of a model being implemented, a concrete and site-specific risk 
assessment will be needed, taking into consideration the actual technology, scale of the enterprise 
and possible risk factors in the environment, such as groundwater proximity (Otoo et al., 2016; Winkler 
et al., 2017).

The risk assessment drew from the studied cases although it was not applied to the same extent 
to the cases themselves, which generally followed local safety standards and regulations. Reported 
or observed deviations were analyzed if they represented generic shortcomings to be captured for 
the related models. Some of the presented business models have submodels in which, for example, 
an alternative institutional set up was suggested. In such cases the assessment was conducted for 
the generic model. However, if submodels implied, for instance, a change in technology or inputs 
and outputs possible implications were marked. Following the structure of the catalogue each of the 
main categories − (1) energy, (2) nutrient/organic matter and (3) wastewater − were analyzed for key 
exposure groups and risk pathways. Models on water and nutrient recovery, for example, usually have 
farmers as users of the generated product, while the possible risk groups continue along the food 
chain. The situation is obviously different for energy models with biogas, electricity or briquettes as 
the final product. Based on this analysis, a generic risk assessment template was developed following 
the source-pathway-receptor model.
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The four key exposure groups are shown in Table 2.

TABLE 2. THE FOUR EXPOSURE GROUPS

RISK TYPE EXPOSURE GROUPS

1. Occupational risk on site Workers, employees

2. Occupational risk off site Farmers/users of RRR products

3. Consumption risk End users

4. Social environment Communities near treatment facilities

Table 3 shows typical pathways linking exposure groups with potential risks. In some countries, natural 
resources themselves are considered as receptors (e.g. water resources in the United Kingdom). In 
this analysis, air, water and soil were mainly considered as pathways rather than receptors. Table 2 
also presents common mitigation measures that can be put in place to prevent likely risks.

TABLE 3. EXPOSURE PATHWAYS AND MITIGATION MEASURES

EXPOSURE PATHWAY DESCRIPTION TYPICAL MITIGATION MEASURES

Direct contact Handling, sorting, mixing, 
collecting, transportation

Protective wear – boots, gloves, coats 
and overalls, and good hygiene

Insects Breeding sites for 
carriers and vectors

Insect spraying, cleaning, netting

Air Aerosols, particulates and gases Protective wear – goggles and masks, 
ear plugs, wind barriers (e.g. tree 
belts), coverage of waste piles

Water and soil Effluent, leachate and leakages Avoid untreated discharge, support 
e.g. phytoremediation

Food Insufficiently treated waste 
products used in farming

On-farm risk (contact) reduction, crop 
restrictions, produce washing and/or boiling

The level of risk was categorized as low, medium or high considering: nature of exposure (direct, 
indirect, external, internal, etc.), intensity of exposure (severity and probability), and required effort of 
mitigation (simple like via safety gear; advanced, e.g. via emission reduction; substantial, e.g. via 
addition treatment). Emphasis is placed on likely hazards, not all theoretically possible hazards:

(a) Direct contact

Low risk Contact with hand and foot during operations possible (or use of less hazardous waste). 
Contact can be easily avoided by employing simple risk mitigation measures.

Medium risk Contact with skin during operations likely. This can be easily avoided 
by employing more advanced mitigation measures.

High risk Contact with skin during operations is difficult to avoid, unless 
by applying substantial mitigation measures.

(b) Insects (�ies, mosquitoes, etc.)

Low Process creates unfavourable conditions for breeding and waste materials have low 
pathogen levels. Risks can be avoided by employing simple mitigation measures.

Medium Process creates favourable conditions for breeding or involves materials (feces) with high 
pathogen loads, but risks can be avoided by employing advanced mitigation measures.

High Process creates favourable conditions for breeding and/or deals with high pathogen 
loads which are difficult to avoid unless by employing substantial mitigation measures.
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(ii) Social equity related risks
Equal employment opportunities and other gender-specific benefits or burdens were analyzed as far  
as possible for each business model. The assessment of equality considered in particular how  
far either men or women might be (dis)advantaged in engaging in the waste valorization process, as 
an entrepreneur or worker, or as a direct beneficiary of the resulting products. The assessment was 
qualitative and considered positive implications for (a) common gender roles, like time spent for water 
or fuel collection; and (b) comfort at home/workspace through the provision of improved services or 
clean energy (clean air, studying after sunset/girl literacy). The assessment also considered gender-
specific disadvantages related to (i) the recommended technology, (ii) business-related job opportunities 
as well as (iii) gender-specific occupational health risks. Each analyzed model displayed between 
0–3 factors which were given equal weightage. The most common factors providing advantages  
for women relate to energy production for the benefit of households, allowing women to save time for 
collecting external fuel, as well as a healthier (fire- and smoke-free) working environment. The most 
common factor to advantage men was related to gender-specific labor roles, like construction work or 
truck driving. Particular advantages for one group do, however, not imply a direct risk or disadvantage 
for the other. The judgement, which remains without local context tentative and preliminary, has been 
summarized in a pictorial balance beam reflecting possible gender specific dis/advantages.

Performance potential
For the last part of the business model template, the suggested models were evaluated for their 
performance potential, expecting a triple bottom line based on the following indicators/criteria: a) 
profitability/cost recovery, b) social impact, c) environmental impact, d) scalability and replicability 
and e) innovation. Each criterion was evaluated on a three-level scale based on the average score of 
a three-level ranking of the constituent parameters (Table 4). The ranking of the parameters and the 
resulting ranking of the indicators was based on a combination of quantitative and qualitative data 
sourced from empirical cases and application of the Delphi method3, respectively.

WOMEN
ADVANTAGE

MEN
ADVANTAGE

TABLE 4. GUIDELINES FOR RANKING OF BUSINESS MODELS

INDICATORS GUIDING QUESTIONS PARAMETERS SCORE

Pro�tability/ 
cost recovery

What is the level of operational pro�ts/
cost recovery achieved by the business 
model on an annual basis?

Loss making 1

Break-even 2

Pro�t 3

How many revenue streams does the 
business model depend on and how 
strong are these revenue line items?

One strong revenue source 1

Two or more revenue sources 
with one strong revenue line

2

Two or more revenue sources 
with two strong revenue lines

3
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How many of these factors represent a risk 
of increased costs to the business model? 
Factors are: 1) high worker and managerial 
skill requirements, 2) diverse customer base, 
3) diverse products, 4) need for R&D and 5) 
self-distribution of product to end customer

More than 3 factors 
applicable

1

2–3 factors applicable 2

0–1 factor applicable 3

Social impact How many jobs are created/provided by the 
business model compared with the range 
of all the business cases within the same 
section (energy or nutrients or water)?

Low 1

Medium 2

High 3

Number of people with increased positive health 
impact from the business model compared with 
the range of all the business cases within the 
same section (energy or nutrients or water).

Low 1

Medium 2

High 3

How many of these factors does the 
business model have an improved/
increased positive impact on? 
Factors are: 1) water security, 2) food security, 3) 
energy security, 4) improved living standards, 5) 
reduced governmental costs for waste management 
services (sanitation), health services and 6) gender

Meets 0–2 factors 1

Meets 2–4 factors 2

Meets more than 4 factors 3

Environmental 
impact

What quantity of waste is being processed/
re-used compared with the range of 
all the business cases within the same 
section (energy or nutrients or water)?

Low 1

Medium 2

High 3

How many of these factors does the 
business model have an improved/
increased positive impact on?
Factors are: 1) health of waterbodies, 2) reduced 
GHG emissions, 3) soil fertility, 4) renewable 
source/raw material and 5) reduced deforestation

Meets 0–1 factor 1

Meets 2–3 factors 2

Meets more than 3 factors 3

Scalability 
and 
replicability

How many of these factors limit the replication 
potential of the business model elsewhere? 
Factors are: 1) new technology, 2) policies and 
regulations, 3) strong institutional capacity, 4) 
specific waste availability 5) market demand 
and 6) ambiguity of product acceptance

Meets more than 4 factors 1

Meets 3–4 factors 2

Meets 0–2 factors 3

What is the ease of scaling the business 
model vertically and horizontally?

Low potential for vertical 
AND horizontal scaling

1

High potential for either 
vertical OR horizontal scaling

2

High potential for BOTH 
vertical and horizontal scaling

3

How easy is it to finance the 
business model elsewhere?

Investment is HIGH and 
financing is UNIQUE

1

Investment is HIGH and 
financing is COMMON

2

Investment is LOW and 
financing is UNIQUE

2

Investment is LOW and 
financing is COMMON

3

TABLE 4. CONTINUED
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Limitations
The information provided in the case studies refers to the time of their individual assessment between 
2012 and 2017. The authors regret any possible error or missed update. Case descriptions are detailed 
to serve students as case studies, probably too detailed for practitioners and investors, while there are 
still many other criteria to assess business cases and describe business models, which we were not able 
to capture. This concerns for example the history and timeline of the cases, the personal engagement, 
contacts and investments of the entrepreneurs, their experiences with seeking an appropriate business 
partner and lessons learned vis-à-vis their local regulatory, financial and administrative challenges, or 
the difference between the official and de facto enabling environment. Other limitations faced, concern 
the availability or accessibility of (in particular financial) data and common lack of quantitative impact 
assessments. Data access from private enterprises was challenging. In several cases, they were 
unwilling to provide financials or information on the technology. In such cases, the authors had to 
rely on secondary sources with their limitations. While the private sector had its reasons to withhold 
data, accessing data from the public sector came with its own challenges related to their availability, 
like in many parts of Africa. Often only older data were available, if any. As business operations are 
dynamic, data of the presented cases will change over time. Finally, the investment ranges stated for 
the business models are largely based on the analysed case studies, and could be larger.
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Recovering energy from waste: An overview 
of presented business cases and models
Access to affordable and sustainable energy is key to economic prosperity and sustainable development 
in developing countries. Energy plays a critical role not only in ensuring quality of life at individual or 
household level but also as one of the factors of production whose cost affects other goods and 
services (Amigun et al., 2008). Access to energy or the lack of it affects all facets of development: 
social, economic and environmental aspects. It is the key to sustaining the livelihood of the poor as 
well as ensuring industrial development of a country. Energy is crucial for achieving almost all of the 
Sustainable Development Goals (SDGs), from eradication of poverty through advancements in health, 
education, water supply and industrialization, to combating climate change (UN, 2016). SDG 7 is 
dedicated to the access to affordable, reliable, sustainable and modern energy for all, with target 7.2 
calling for a substantial increase of the share of renewable energy including power derived from solid 
and liquid biofuels, biogas and waste.

With the aim of achieving a more sustainable natural environment while providing reliable and affordable 
energy to different sectors of the economy, interest in alternative sources of energy as a means of 
reducing dependence on fossil fuels has grown. Studies have shown that energy demand will increase 
during this century by a factor of two or three while about 88% of this demand is met by fossil fuels 
(IEA, 2006). The negative effects of the conventional energy sources coupled with the limited capacity 
of current energy infrastructure and the increase in energy demand have spurred interest in alternative 
sources of energy which are environment friendly and renewable.

Around 3 billion people cook and heat their homes using solid fuels (i.e. wood, charcoal, coal, dung, 
crop wastes) on open fires or traditional stoves. Such inefficient cooking and heating practices produce 
high levels of household (indoor) air pollution which includes a range of health-damaging pollutants 
such as fine particles and carbon monoxide. About 4.3 million people a year die from the exposure to 
household air pollution (WHO, 2016).

Under increasing deforestation, the global waste to energy market was valued at USD 24 billion in 2014 
and it is expected to reach USD 36 billion by 2020 – a growth rate of 7.5% (Figure 5). Waste-to-energy is 
a waste treatment process to generate energy in the form of electricity, heat or fuel from both organic and 
inorganic waste sources. In this book, the focus is only on cases and models targeting energy generation 
from biomass (organic waste). While recovering energy from organic waste streams is essential to ensure 
energy security and sustainable development, waste-to-energy solutions still face numerous barriers 
including high investment cost, inadequate policy support and insufficient revenue generation due to 
limited experience with business or cost recovery models. This section addresses this last void, while 
opportunities and barriers in the enabling environment are discussed in Chapter 19.

In this section of the catalogue, waste-to-energy conversion process in all the business cases and 
models can be broadly presented as in Figure 6. The energy recovery models and cases use one 
of the waste streams (agro-waste, agro-industrial waste and effluent, livestock waste, fecal sludge 
and organic fraction of municipal solid waste) to produce energy products in solid (briquette), liquid 
(bio-fuel/ethanol) and gaseous (producer gas and biogas) forms. These energy products are used to 
generate heat, electricity or fuel for transport.

The energy recovery chapter describes in total 9 business models derived from 19 business cases, 
and these 9 business models can be broadly classified into 4 categories:
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One of the most common waste-to-energy solutions that is widely implemented in developing 
countries is production of biogas from organic waste. Biogas can be produced from nearly all kind 
of biological feedstock – various organic waste streams including human waste (Holm-Nielsen et al., 
2009). Business models 3 and 4: Biogas from fecal sludge at community level and Biogas from 
kitchen waste present institutional biogas models for energy savings. The business case examples 
are from India, Nepal, the Philippines, Rwanda and Kenya which highlight successful partnership with 
local authorities, non-governmental organizations and communities for successful implementation.

In this section of the catalogue, biogas production is demonstrated at different scales with the lowest 
scale of biogas production at the institutional level and large-scale production at industrial level. 
As the target stakeholder is industries in the later, the scale of waste generated is higher resulting 
in higher gas production and thus enabling to generate electricity from biogas. This is the case for 
livestock industry which generates biogas from manure for onsite use (Business Model 5: Power 
from manure). The case examples presented demonstrate rural electrification models from livestock 
waste along with innovative financing mechanisms of using carbon credits to invest in the technology. 
For example, Sadia, a company from Brazil, processes meat, and in order to mitigate the social and 
environmental impacts associated with livestock production systems, it has installed bio-digesters 
on the farms within its supply chain on a Build, Operate and Transfer (BOT) basis. Sadia uses carbon 
credit method to finance biogas systems on the farms that supply meat to the processing factory while 
taking the responsibility of registration of the project as a CDM and the management of the carbon 
credit revenues. 

In addition to business models that highlight power generated from manure, there are also other 
business models that use agro-waste or municipal solid waste (MSW) to generate electricity (Business 
Models 6–8: Power from agro-waste; Power from municipal solid waste (MSW); and Combined 
heat and power from agro-industrial waste for on- and off-site use). Agro-processing industries, 
such as sugar and palm oil factories, and slaughterhouses in low-income countries, are diversifying 
into creating by-product value addition through co-generation and bioethanol production. The energy 
production technologies are either owned and operated by the factory or are installed by an external 
private entity on a Build, Own, Operate, Transfer (BOOT) model. These business models allow agro-
industries to be self-sufficient in energy while securing additional revenue streams by exporting excess 
electricity to the national grid and trading carbon credits. The cases here also highlight social enterprise 
models for rural electrification. 

In this section of the Resource Recovery and Reuse (RRR) catalogue, while the focus is on innovative 
energy recovery business models with relatively simple technology, there are also few business 
models and cases which use more sophisticated and high investment cost energy solutions. There 
is limited focus on advanced technologies to produce biogas, syngas and liquid fuels except in the 
case of Business model 9: Bio-ethanol and chemical products from agro and agro-industrial 
waste which highlights production of biofuel from cellulosic sources such as agro-waste produced 
from mills processing cassava, rice, wheat, coffee and so on. The model also covers processing 
of vinasse waste generated during ethanol production. Vinasse can be used to produce an organic 
binder (lignosulfonates) which has numerous applications across many industries.

Further business cases and models where energy generation plays a role are presented in the section 
on wastewater treatment for reuse.

Waste-to-energy business cases and models described in this section demonstrate improved economic 
viability from RRR to provide not only environmentally beneficial solutions along with increased energy 
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access to governments, donors, entrepreneurs and non-government organizations in developing 
countries but also offer larger socio-economic benefits from safe waste management. By adopting 
these solutions, they not only help meet the ever-increasing demand for energy but also pull out 
millions of underserved communities from extreme poverty in an environmentally responsible manner. 
For increased energy security and to meet SDG 7 indicators, there is a need to triple investments 
in sustainable energy infrastructure per year from USD 400 billion to USD 1.25 trillion by 2030 (UN, 
2016) and waste-to-energy RRR business models and cases provide a means to achieve not only 
SDG 7 indicators, but also, for example, SDG 12.5 to substantially reduce waste generation through 
prevention, reduction, recycling and reuse.

References and further readings
Amigun, B., Sigamony, R. and Von Blottnitz, H. 2008. Commercialization of biofuel industry in Africa: 

A review. Renewable and Sustainable Energy Reviews, 12: 690–711.

Holm-Nielsen, J.B., Al Seadi, T., Oleskowicz-Popiel, P. 2009. The future of anaerobic digestion and 
biogas utilization. Bioresource Technology, 100: 5478–5484.

United Nations (UN). 2016. Affordable and clean energy: Why it matters. http://www.un.org/sustainable 
development/wp-content/uploads/2016/08/7_Why-it-Matters_Goal-7_CleanEnergy_2p.pdf 
(accessed 6 Nov. 2017).

United Nations (UN). 2016. Progress towards the sustainable development goals. Economic and 
Social Council: Report of the Secretary General (E/2016/75).

World Health Organization (WHO). 2016. Burning opportunity: Clean household energy for health, 
sustainable development, and wellbeing of women and children. Geneva: WHO.

Zion. 2016. Waste to Energy (Thermal and Biological Technology) Market: Global Industry Perspective, 
Comprehensive Analysis, Size, Share, Growth, Segment, Trends and Forecast, 2014–2020. 
http://www.marketresearchstore.com/report/waste-to-energy-market-z47278 (accessed 20 
Feb. 2017).

Copyright Material – Provided by Taylor & Francis 



Copyright Material – Provided by Taylor & Francis 



3. BUSINESS 
MODELS FOR SOLID 
FUEL PRODUCTION 
FROM WASTE

Copyright Material – Provided by Taylor & Francis 



CHAPTER 3. SOLID FUEL PRODUCTION FROM WASTE

SE
C

TI
O

N
 I

I:
 E

N
E

R
G

Y
 R

E
C

O
V

E
R

Y
 F

R
O

M
 O

R
G

A
N

IC
 W

A
S

T
E

40

Introduction
Urban and rural populations in developing countries predominantly depend on traditional biomass 
fuels such as charcoal and firewood for cooking due to lack of affordability and access to modern 
fuels. Despite more than a decade of work to reduce domestic air pollution sources, progress 
toward universal access to clean cooking fuels remains far too slow. According to the World Health 
Organization (WHO, 2016), almost 3.1 billion people still rely on polluting, inefficient energy systems, 
such as biomass, coal or kerosene, to meet their daily cooking needs – a number virtually unchanged 
over the past decade. The same applies to heating and lighting. For instance, almost half of all African 
households across the 25 countries surveyed by WHO rely primarily upon highly-polluting kerosene 
lamps, compared to about 30% of households surveyed in South-East Asia. Women and girls bear 
the largest health burden not only from domestic pollution sources, but often also from related fuel-
gathering tasks. For instance, available survey data from 13 countries showed that girls in sub-Saharan 
African homes with polluting cook stoves spend about 18 hours weekly collecting fuel or water, while 
boys spend 15 hours. In homes mainly using cleaner stoves and fuels, girls spend only 5 hours weekly 
collecting fuel or water, and boys just 2 hours (WHO, 2016). There are also environmental impacts, 
such as deforestation and climate change, associated with the consumption of charcoal and firewood 
due to the unsustainable nature of their production and use. 

Overdependence on firewood has resulted in reduced availability and consequently necessitates 
the efficient utilization of agricultural residues and municipal solid waste as a source of heating and 
cooking fuel by transforming them into alternative fuel products called briquettes. The briquette 
business model aims to tap into this potentially vast market by providing urban and rural populations 
with affordable and environmentally friendly alternative efficient fuel products. In developing countries, 
the briquette industry is gaining momentum in certain regions such as in East Africa and Asia. The 
empirical business cases, which led to this business model, are primarily from East Africa as there is 
more experience in briquette business in this region.

The business models (Business Models 1 and 2: Briquettes from agro-waste and Briquettes from 
MSW) highlight production of briquettes from different waste streams, carbonized or non-carbonized, 
and distinguish between end users such as households, and commercial and institutional users which 
have different needs and requirements. Competition from alternative fuels, firewood and charcoal, is 
a major threat to the success of this business model. Thus, to compete with alternative fuels, different 
strategies are used such as targeting of segmented market, designing an efficient and effective value 
chain using local technology to reduce production cost and providing products with consistent quality.

References and further readings
World Health Organization (WHO). 2016. Burning opportunity: Clean household energy for health, 

sustainable development, and wellbeing of women and children. Geneva: WHO.
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CASE

Briquettes from agro-waste  
(Kampala Jellitone Suppliers, Uganda)

Solomie Gebrezgabher and Abasi Musisi

Supporting case for Business Model 1

Location: Kampala, Uganda

Waste input type: Agricultural farm waste/residues (saw dust, 
millet husks, ground nut shells, wheat 
bran, maize combs, coffee husks)

Value offer: Briquettes (Clean cooking fuel), 
briquette burning stoves

Organization type: Private

Status of 
organization:

Operational since 2001 (briquette business)

Scale of businesses: Medium 

Major partners: Fuel from Waste Research Centre, Danish 
International Development Agency 
(DANIDA), United States Africa Development 
Foundation (USADF), Deutsche Gesellschaft 
für Internationale Zusammenarbeit (GIZ)

Executive summary
Kampala Jellitone Suppliers (KJS) is a limited company located in Kampala, Uganda that produces non-
carbonized briquette from agricultural residues. KJS has been operational since 1981 and at the time 
of the assessment employed over 100 people, 70% being women. The company started with roasting 
coffee using diesel burners, followed by a bakery that used firewood ovens. The baking and roasting 
propelled the need to look for an alternative fuel source and gave rise to the production of briquettes 
made from agricultural waste. This has led to KJS becoming the first large scale non-carbonized 
briquette producer in Uganda and wining the ASHDEN Global Green Awards in June 2009. Its clients 
now include institutional and commercial users who previously used wood fuel and charcoal for 
cooking and heating. KJS provides them with briquettes which have high heating value and consistent 
properties and burn longer than alternative cooking fuel, as well as selling efficient briquette-burning 
stoves. The company has also set up the Fuel from Wastes Research Centre (FWRC), an NGO which 
conducts innovative research and development in suitability of agricultural wastes for briquetting, 
briquette making, and designing and manufacturing of briquette burning stoves.
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KEY PERFORMANCE INDICATORS (AS OF 2012)

Land use: 2.4 ha

Capital investment: USD 698,964

Labor: 100 full-time workers and 400 external laborers along the value chain

Operation and 
Maintenance (O &M) cost:

0.240–0.260 USD/kg of briquette

Output: 1,680 tons of briquettes per year based on one shift operation

Potential social and /or 
environmental impact:

Savings to users of 0.08–0.32 USD/kg compared to charcoal, CO2 
emission savings of approx. 6.1 ton CO2/ton of briquettes, additional 
income to farmers – USD 3 to USD 14 per ton of input

Financial viability 
indicators:

Payback 
period:

14.5 years Post-tax 
IRR:

7% Gross 
margin:

10%

Context and background
Kampala Jellitone Suppliers, Kampala, Uganda was founded in 1976 to produce cosmetic products 
from petroleum jelly. KJS diversified into coffee processing and baking, using liquefied petroleum 
gas (LPG) as the fuel. In 1992, KJS started to look for cheaper alternative fuels. The production of 
briquettes was initially started to meet internal energy needs for coffee roasting and bakery, but KJS 
soon recognized the potential and became a large-scale producer of non-carbonized briquettes. 
As well as manufacturing briquettes which provides a cleaner, cheap and easy to handle cooking 
fuel, it also supplies efficient briquette-burning stoves. The initial business set up was supported by 
the Danish Embassy through Danish International Development Agency (DANIDA), which funded a 
feasibility study on biomass briquetting and assisted KJS to buy the first briquetting machine, and 
carry out research in briquetting technology. The company is now selling briquettes to 35 institutions 
including schools, hospitals and factories. It is financed by its founder and own income, as well as 
grants from DANIDA (USD 100,000) and the United States African Development Foundation (USADF) 
(USD 85,000) for developing business plans and staff training.

Market environment
Biomass is still the most important source of energy for the majority of the Ugandan population. About 
90% of the total primary energy consumption is generated through biomass, which can be separated 
in firewood (78.6%), charcoal (5.6%) and crop residues (4.7%). Firewood was most commonly used 
by rural households (86%) while charcoal is commonly used in urban areas (70%). In Kampala, 76% 
of the population use 205,852 tonnes per year of charcoal as their main source of fuel for cooking. 
The urban household use accounted for about 70% of that demand while commercial establishments, 
such as hotels, accounted for 25%. The charcoal use is estimated to increase at 6% per year, which 
matches the rate of urbanization. High demand for wood fuels used inefficiently results in overuse and 
depletion of forests. About 90,000 hectares (equals 900 km²) of forest cover are lost annually, which 
leads to fuel wood scarcity in rural areas and increasing price levels of charcoal and fuel wood. The 
production of charcoal is carried out under primitive conditions with an extremely low efficiency at 
10–12% on weight-out to weigh-in basis and an efficiency rate on calorific value basis at 22%. At 
the same time, households use biomass in a very inefficient way as the three-stone fire is still widely  
used.

Non-carbonized briquettes serve as a replacement to natural firewood and raw biomass fuel. They offer 
greater energy per unit weight than wood or raw biomass but release as much smoke. Consequently, 
these are more appropriate for industrial/commercial processes or institutions where emissions can be 
controlled. Customers like the convenience of buying, handling and storing briquettes. The cooks like 
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the reduced smoke, heat and charcoal dust, and faster cooking. Table 5 shows the prices of briquettes 
and other competing fuels in Kampala. The financial savings are significant where charcoal has been 
used in the past. One primary school now spends USD 24 (51,000 USh) per day on briquettes, instead 
of about USD 32 (69,000 USh) per day on charcoal.

TABLE 5. PRICES OF BRIQUETTES AND ALTERNATIVE FUELS (DEC 2011)

FUEL TYPE PRICE (USD/KG)

Eco-Fuel Africa briquettes 0.17

Firewood 0.24

Kampala Jellitone Suppliers Ltd. briquettes 0.28

Informal producers briquettes 0.40

Charcoal 0.60

Source: Ferguson, 2012; Personal communication with Eco-Fuel Africa; Personal communication with KJS

In Uganda, there are 180,000 schools and a wide range of agricultural and food processing businesses 
that could use briquettes. Institutional stoves cost around USD 740 (1.6 million USh). About 65% of 
customers pay KJS for the stove in installments, others pay the full cost at the time of installation. 
KJS recently dropped the domestic users due to lack of briquette stoves on the market to match the 
briquettes whereas for the other segments, the briquettes can be used without modifications in the 
existing stove. Hence, there is a considerable opportunity and scope to expand production and supply 
the existing client base. Recent increases in charcoal prices, as shown in Figure 7, have created an 
opportunity for briquette businesses to serve these users.

Macro-economic environment
The biomass has historically been a cheap and accessible source of fuel for Uganda’s population but 
this is unlikely to continue. The FAO reported that between 1990 and 2005 Uganda lost 26% of its 
forests (78% in areas around Kampala), and the National Environment Management Authority (NEMA) 
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FIGURE 7. CHARCOAL PRICE IN KAMPALA, UGANDA, 2004–2011

Source: Uganda Bureau of Statistics, 2010 and 2012.
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existing stoves. Threat from existing briquette businesses or new entrants is low. KJS is the first large-
scale non-carbonized briquette producer in Uganda. The majorities of briquette producers in Uganda 
are small-scale and are targeting household customer segment. Furthermore, a high investment cost 
is required to start up a large-scale briquetting business. 

Input suppliers (farmers) are key partners as KJS depends on their reliable supply of agricultural waste. 
The processing of commercial crops generates large volumes of biomass residues including rice husks, 
coffee pulp and maize stalks. These, along with sawdust from sawmills and furniture factories, often 
go to waste. Residues are usually simply dumped in large heaps which are then burned to dispose of 
them. Data provided by the government in the Uganda Renewable Energy Policy 2007 suggests that 
1.2 million tons of agricultural residues are available each year.

KJS briquetting business has created employment opportunities and has generated additional 
incomes to its agricultural residue input suppliers. KJS employs about 100 staff at the factory, and 
also uses contractor to collect the residues from the agricultural processors and sawmills and other 

KAMPALA JELLITONE SUPPLIERS LTD.

COMMERCIAL/INSTITUTIONAL USER

FUEL FROM WASTE 
RESEARCH CENTER (FWRC)

AGRICULTURAL 
RESIDUE PRODUCER

LOGISTICS 
COMPANY

AGRICULTURE 
RESIDUE

$

Training, installation of stoves

Briquette $

Transport of 
Agriculture residue $

DISTRIBUTOR

Briquette $

Provide research
expertise on 

briquette production
Training / $

FIGURE 9. KAMPALA JELLITONE SUPPLIERS LTD VALUE CHAIN
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haulage companies to deliver briquettes to customers. The residue producers are paid between USD 
3 and USD 14 (6,000 and 30,000 USh) per ton of residue and earn extra income from something that 
was once regarded as waste. KJS pays a higher price for processed feedstock (already milled) and are 
seeking to supply farmers with milling machines in an attempt to improve transport efficiency.

Institutional environment
In order to support alternative clean energy initiatives, government strategy on the demand side is 
dissemination of more energy efficient technologies (Renewable Energy Policy, 2007). Furthermore, 
with support from the UNDP, the government is implementing key interventions in charcoal production 
which includes increasing the charge that the National Forestry Authority levies on charcoal burners. 
This provides an opportunity for alternative fuels to compete further with the cost of charcoal.

Several initiatives to conserve biomass resources have been undertaken by government and the 
private sector, including NGOs. These include the promotion of improved stoves and afforestation. 
However, the impact of these efforts is still limited.

Technology and processes
A study conducted by KJS funded by DANIDA in 2002 identified 16 possible agricultural farm waste/
residues, such as coffee husk, rice husk, sawdust, wheat, groundnut husks, etc., that could be used 
for making briquettes. Before production takes place, the agricultural waste undergoes intensive tests 
to ascertain different characteristics including burning characteristics, ash content and the calorific 
value (Figure 10). At the factory, the residues are sieved (to remove large pieces, glasses and stones), 
pulverized using a hammer mill and dried to a moisture content of 13% using a flash drier in addition 
to sun-drying. Each agricultural residue is then blended by pouring it into a separate hopper which 
feeds it into a mixing machine to get a homogeneous mixture of different materials with the required 

SIEVING RESIDUE

DRYING RESIDUE (13%)

PULVERIZING RESIDUE

TESTED BIOMASS 
RESIDUES

BLENDING RESIDUES

BRIQUETTING 
(PISTON STROKE) PACKAGING

FIGURE 10. PROCESS DIAGRAM OF KAMPALA JELLITONE SUPPLIERS LTD BRIQUETTING
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proportions. The mixed biomass is fed into the briquetting machine which compresses it using  
a piston stroke. KJS operates two imported electrically-powered piston machines with a combined 
capacity of 1.25 tonnes per hour (3,500 tonnes per year) as well as an industrial drier for drying 
feedstock. However, these machines do not operate at full capacity, limited by the throughput of the 
feedstock drying process. Under pressure, the natural lignin in the agricultural residues binds the 
particles together to form a solid block and thus the use of binders is not necessary in this process. 
Finally, the agricultural wastes are compressed into a solid particle with a heat value of about 14.5 MJ/
kg and packed in sacks (40 kg) ready for delivery. The sacks are held in a dry store until delivery to the 
customers. KJS has also designed an efficient briquette-burning stove, for institutions such as schools 
and colleges and for food processing industries. The stove is made from fired bricks with a grate and 
combustion chamber and a chimney to remove the smoke and is constructed on site by KJS staff.

Funding and financial outlook
The total investment cost is estimated to be USD 698,964 (Table 6). The owner invested own cash 
towards 85% of the total investment and the remaining was obtained from donors. Operational cost 
including cost of input, labor, utilities, operating and maintenance is estimated to be approx. 238 USD/
ton. Marketing and packaging costs are estimated to be approx. 16.3 USD/ton. To meet growing demand, 
the enterprise plans to expand production. For this it needs to procure 5 briquetting machines with 
production capacity of 750 kg/hr, trucks to deliver farm residues, agricultural milling machines and other 
equipment. The whole project requires about USD 2 million. The United States African Development 
Foundation (USADF) promised to finance about 12.5% (USD 250,000) of the total capital needs.

KJS produced and sold about 1,530 tons of briquettes at a price of 282.8 USD/ton and installed 1,309 
institutional stoves for USD 740 in 2009. KJS’s sales are estimated to be 1,680 ton of briquettes at a 
price of 282.8 USD/ton (Table 7).

KJS have registered their venture as a CDM project in Uganda and with support from the Belgian 
Embassy are aiming to develop an appropriate methodology for carbon financing.

TABLE 6. KJS INVESTMENT AND OPERATIONAL COST OF THE BRIQUETTE UNIT

ITEM AMOUNT (USD)

Investment cost:

Land 232,200

Buildings 227,272

Machinery / equipment 234,492

Environmental impact assessment   5,000

Total investment cost 698,964

Operational costs: USD/ton 

Input cost  129.2 

Labor   23.52 

Operating and maintenance   41.92 

Utilities   42.16 

Marketing   12.16 

Packaging    4.16 

Vehicle maintenance    1.00 

Depreciation    8.00 

Total operational costs 262.12 
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1   KJS has recently introduced additional briquetting line which produces carbonized briquettes to support clients 

who prefer carbonized briquettes as a replacement to charcoal. However, data was not available to incorporate 
cash flows into the business case.
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CHAPTER 3. SOLID FUEL PRODUCTION FROM WASTE

BUSINESS MODEL 1

Briquettes from agro-waste

Krishna C. Rao and Solomie Gebrezgabher

A. Key characteristics
Model name Briquettes from agro-waste

Waste stream Agricultural farm waste/residues (saw dust, millet husks, ground 
nut shells, wheat bran, maize combs, coffee husks, etc.)

Value-added 
waste product

Briquettes (clean cooking fuel) 

Geography Region with ease of availability of crop residue and 
lack of ease in availability of fuel wood 

Scale of production Medium scale; 1,000–2,000 tons per year of briquettes

Supporting cases 
in this book

Kampala, Uganda

Objective of entity Cost-recovery [  ]; for profit [ X ]; social enterprise [  ]

Investment cost range Approx. USD 200,000 to 450,000

Organization type Private 

Socio-economic 
impact

Reduction in deforestation and environmental pollution, reduced indoor air 
pollution resulting in improved health for household and employment generation 

Gender equity Beneficial to women and children using fuel 
with less indoor air pollution than firewood; 
time savings in fuel collection for women

B. Business value chain
The business model is initiated by either a standalone private enterprise or agro-industries such as 
coffee processing units or rice mills that generate large quantities of crop residues as waste. The 
business processes crop residues such as wheat stalk, rice husk, maize stalk, groundnut shells, coffee 
husks, saw dust etc. and converts them into non-carbonized briquettes as fuel. Non-carbonized 
briquettes serve as a replacement to natural firewood and raw biomass fuel. They can also be offered 
as a replacement fuel among rural populations where firewood is still dominant. Further commercial 
processes such as drying of crop, drying of tea, curing of tobacco and firing of ceramics/brick can also 
make use of briquettes. The key actors in the business value chain are the suppliers of crop residue 
such as farmers and agro-industries, product distributors and end users of the product: households 
and energy intensive industries (Figure 12).

The characteristics of the agricultural waste including burning characteristics, ash content and the 
caloric value are first ascertained before making briquettes. The process of briquetting involves sieving 
of agricultural waste to remove large content such as glasses and stones, pulverizing, drying, mixing 
of different materials with the required proportions, briquetting using high pressure compression such 
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as by piston stroke and using binding agent. The high pressure and resulting high temperature causes 
the lignin (the natural woody material in plants) to flow and bind the material together. The action of 
the piston pushes the material through a dye, to make a continuous rod about 50 mm in diameter. The 
rod cools in the air and breaks into ‘sticks’ or briquettes about 400 mm long. As multiple crop residues 
with differing calorific value are the raw material input, it is ideal for the enterprise to collaborate with 
a research institution to find a suitable combination of crop residue to produce briquettes with higher 
calorific value and consistent quality. 

There are two technologies for making briquettes, reciprocating ram/piston press and screw press 
technology. The screw pressed briquettes are generally found to be superior to the ram pressed solid 
briquettes in terms of their storability and combustibility. While the briquettes produced by a piston 
press are completely solid, screw press briquettes on the other hand have a concentric hole which 

ENTERPRISE

HOUSEHOLDS INSTITUTIONS AND 
ENERGY-INTENSIVE

INDUSTRIES

Briqquette $

RESEARCH AND
DEVELOPMENT INSTITUTE

Briquette $

FARMERS AND
AGRO-INDUSTRIES

Technicaal expertise $ Crop residue $

DISTRIBUTOR

Briqquette $

FIGURE 12. VALUE CHAIN OF BRIQUETTES FROM AGRO-WASTE
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CHAPTER 3. SOLID FUEL PRODUCTION FROM WASTE

as the raw material inputs are already part of the carbon cycle. Even for regions with high deforestation 
where wood is used as fuel, briquettes from crop residue will make a strong case for carbon benefits. 
However, briquette enterprises are unlikely to be individually able to apply for Clean Development 
Mechanism (CDM) projects due to associated transaction costs, and therefore the preferred route would 
be to apply via producer associations or for carbon offset on Voluntary Emission Reductions (VERs).

D. Alternative Scenarios
The business model can incorporate two additional value propositions in addition to briquette production 
from crop residues: a) produce low cost compost, a by-product from briquette production and b) vertical 
integration of business by manufacturing and selling improved cook stoves and ovens (Figure 14).

Scenario I: Compost production
Production of briquettes results in generation of crop residual waste, which can be used to produce 
compost. The compost can be either sold or given away to the farmers on good will basis and 
strengthen their relationship with farmers for reliable supply of crop residue. The additional key activity 
required for this value proposition is production of compost and related costs incurred. The sales and 
distribution process will be similar to sales of briquettes.

Scenario II: Manufacturing of improved cook stoves
The business model offers scope for vertical integration as the briquette enterprise could potentially 
manufacture improved cook stoves and ovens that use the briquettes produced by the enterprise. The 
improved cook stoves have high social benefits for households especially for women and children 
through reduced indoor air pollution. In addition, with improved cooking efficiency and reduced 
fuel consumption, household would earn savings. The business model does not require significant 
alteration to its distribution process. The additional key activity required is for the manufacturing of 
improved cook stoves, which has related capital and operational costs. Similar to briquette production, 
R&D is a required activity to design the cook stoves and oven that meet the customer’s requirements. 
The product also requires specific marketing and awareness campaign.

E. Potential risks and mitigation
Market risks: Briquettes are targeted for households that do not have access to fossil fuels and that 
are dependent on firewood for cooking. This customer segment has low market risks in the urban 
areas due to scarcity of firewood. However, in the rural areas in developing countries the market 
risks for households as customers is high due to free availability of firewood if picked up from forest/
plantation on community land. The business should target diverse customer base to mitigate these 
risks. It is preferred for the business to have both household and institutional customers. The business 
could also get into bulk contractual arrangement with institutional customers and have assured sales.

Competition risks: Briquettes have strong competition risks from competing alternative products 
such as charcoal, wood, kerosene and liquefied petroleum gas (LPG). Fuel choice typically depends 
on availability, consumer preference, price, convenience and at times social status associated in using 
certain types of fuels like LPG. Ideally briquette should be targeted to customer segment that uses 
firewood and charcoal because briquettes can be more competitive, convenient and efficient. 

Risks associated with stoves are similar to briquette and there are multiple suppliers of different types 
of stoves in the market. In the case of compost as mentioned above the enterprise could give it away 
for free as goodwill measure to the farmers in exchange for assured reliable supply of crop residues 
which can be procured either directly from the farm gate or have the farmers deliver the agro-waste 
for a fee. A key risk in procuring crop residue from farmers is that with time they are likely to demand 
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TABLE 8. POTENTIAL HEALTH AND ENVIRONMENTAL RISK AND SUGGESTED MITIGATION 
MEASURES FOR BUSINESS MODEL 1

RISK 
GROUP

EXPOSURE ROUTE REMARKS

DIRECT 
CONTACT

AIR INSECTS WATER/
SOIL

FOOD

Worker Health risk for 
households might 
increase or decrease 
depending on the quality 
of the used fuel.
Possible exposure to 
air and noise pollution

Farmer/User

Community 

Consumer

Mitigation 
measures

Key

F. Business Performance
This business model is rated high on profitability followed by environmental impact (Figure 15). The 
business model has a strong revenue source and diverse customer base. It has potential for additional 
revenue source from sale of stoves and VERs. The environmental impact is specifically high for regions 
with deforestation.

NOT APPLICABLE MEDIUM RISKLOW RISK HIGH RISK

SCALABILITY AND
REPLICABILITY

INNOVATION SOCIAL IMPACT

ENVIRONMENTAL
IMPACT

3

2

1

PROFITABILITY/COST RECOVERY

FIGURE 15. RANKING RESULTS FOR BRIQUETTES FROM AGRO-WASTE BUSINESS MODEL
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CHAPTER 5. RENEWABLE POWER GENERATION

Competition risks: In implementing this business model, the processing factory is incorporating 
environmental sustainability into its revenue design. The risk associated with output market is low. The 
carbon credits are sold in the international market. In the scenario where centralized biogas systems 
produce electricity at a large scale, competition risk can be reduced by entering into a long-term 
power purchase agreement with the state utility, hence ensuring a ready buyer. The electricity can also 
have a ready buyer when it is supplied to the processing factory and used within the farms. Moreover, 
other industries or supply chains that are willing to pay premium prices for energy produced in a 
sustainable way can be targeted.

Technology performance risks: The technologies applied for processing livestock waste are well-
established and mature technologies. However, the technologies require skilled manpower to operate 
and maintain them. Maintaining the performance of the technologies at the standard level is very 
critical for the economic and environmental viability of the business as the business heavily depends 
on earnings from carbon credit sales. Farmer’s lack of technical know-how to operate bio-digesters 
may result in leakages of CH4 which will significantly reduce the carbon credit earnings. The centralized 
large scale plant will be easier to operate and maintain by skilled labor, which may be difficult at 
individual farms.

Political and regulatory risks: With the projected electricity demand set to grow, governments 
are encouraging green power initiatives by putting in place various incentive mechanisms such as 
concessional loans, feed-in tariff mechanisms and through long-term power purchase agreements. 
However, it is not advisable to entirely depend on government incentive mechanisms to ensure 
sustainability of the business. In order to ensure economic viability, the business should diversify 
its customer base. This can be done by supplying part of the electricity produced to the processing 
factory and other industries that are willing to pay premium prices for energy produced in a sustainable 
manner. However, this will also depend on the electricity regulation of the region where the business 
is operating. 

Social-equity-related risks: The beneficiary of the model may change depending on the end use of 
the energy generated from manure. In the case of rural electrification, underserved communities are 
the beneficiary while in the case of livestock industry, power is generated for own use. The model 
offers employment opportunities which could be provided to informal laborer to mitigate any social 
equity risks the business model may create.

Safety, environmental and health risks: The environmental risks associated with the bio-digesters 
include possible leakage of CH4. The safety and health risks to human arise when processing livestock 
waste.

Proper protection measures should be put in place to protect laborers (Table 21).
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191BUSINESS MODEL 5: POWER FROM MANURE   

E. Business performance
This business model is rated as high on profitability followed by environmental benefit (Figure 68). The 
business model is expected to result in a significant reduction of GHG emissions, which consequently is 
translated into carbon credit sales. Moreover, it is expected to result in promoting sustainable livestock 
production, generating environmental and social benefits. 

TABLE 21 POTENTIAL HEALTH AND ENVIRONMENTAL RISK AND SUGGESTED MITIGATION 
MEASURES FOR BUSINESS MODEL 5.

RISK 
GROUP

EXPOSURE REMARKS

DIRECT 
CONTACT

AIR INSECTS WATER/
SOIL

FOOD

Worker Direct contact risk 
relates to pathogens in 
livestock manure.

Farmer/user

Community 

Consumer

Mitigation 
Measures

Key NOT APPLICABLE MEDIUM RISKLOW RISK HIGH RISK

SCALABILITY AND
REPLICABILITY

INNOVATION SOCIAL IMPACT

ENVIRONMENTAL
IMPACT

3

2

1

PROFITABILITY/COST RECOVERY

FIGURE 68. RANKING RESULTS FOR POWER FROM MANURE MODEL
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CHAPTER 5. RENEWABLE POWER GENERATION

The business model has a potential to be implemented in regions where there are intensive livestock 
farms and where there is government support for CDM projects. Designing of innovative financing 
mechanisms and having access to finance are essential for the successful implementation of and 
ensuring sustainability of this business model.
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CASE

Power from agro-waste for the 
grid (Greenko, Koppal, India)

Krishna C. Rao, Binu Parthan and Kamalesh Doshi

Supporting case for Business Model 6

Location: Marlanhalli, Koppal, Karnataka, India

Waste input type: Agro-waste

Value offer: Power

Organization type: Private

Status of 
organization:

Greenko incorporated in 2006 and 
Ravikiran project operational since 2005 
but was acquired by Greenko in 2007

Scale of businesses: Medium  

Major partners: Investors, like e.g. Blackrock Investment 
Management, Aloe Private Equity, 
Impax Asset Management

Executive summary 
Greenko Group, a environmentally-driven private Indian company, is an independent power pro-
ducer utilizing new approaches to clean power, using proven, technologically-advanced systems 
and processes. Greenko Group has built a portfolio of clean energy projects with risk management  
strategies through technologically and geographically-balanced portfolio, cluster approach, leveraging 
the carbon market, raising finances from capital markets, financial institutions and sovereign wealth 
funds and balancing greenfield and selective acquisitions to generate and sell electricity to the state-
owned energy utilities as well as private clients. In the financial year 2006–2007, the business acquired 
two biomass plants and a 50% interest in a third, including Ravikiran Power project. 

The Greenko’s 7.5 MW Ravikiran Power project in Marlanhalli, Karnataka state, India was commissioned 
in June 2005 and buys low-cost agro-waste from local farming villages using large number of biomass 
supply intermediaries to generate and sale electricity at pre-announced tariffs to regional electricity 
grid. The Greenko Group is also a part of the CDM process and generates and sells Certified Emission 
Reductions (CERs), Voluntary Emission Reductions (VERs) and Renewable Energy Certificates (RECs). 
The project has a significant positive impact on both the local community and environment from 
carbon offsets and increasing the incomes of local farmers. The company maintains a continuous 
involvement in localized projects and community programs which centres on education, health and 
wellbeing, environmental stewardship and improving rural infrastructure.
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KEY PERFORMANCE INDICATORS (AS OF 2014)

Land use: NA

Water 
requirement:

50 m3/hr

Capital 
investment:

USD 6 million

Labor: 9 full-time employees

O&M cost: USD 2 million/year (including fuel costs)

Output: 46 Gigawatt hours (GWh) net electricity generation at 7.5 Megawatt (MW) output level

Potential 
social and/or 
environmental 
impact:

Nine jobs, 37,468 tCO2eq/year carbon mitigation by avoiding of waste build-up and 
anaerobic conditions for agro-residues. Jobs created also for biomass collection and 
transport, an income generation for the local population by sale of agro-residues, 
significant indirect investment in the region by way of roads schools and civic amenities

Financial 
viability 
indicators:

Payback 
period:

4.7 years Post-tax IRR: 16% Gross 
margin:

28%

Context and background
Greenko Group was formally incorporated in 2006, founded by Anil Chalamalasetty and Mahesh 
Kolli, listed on the LSE and raised with a start-up capital through an initial public offering. The main 
operations of the group are based in India, predominantly in the central and southern states of Andhra 
Pradesh, Karnataka and, more recently, Chhattisgarh. The group was formed as a vehicle to take 
advantage of the opportunities for consolidation of the Indian renewable energy market and operate 
in the two markets of renewable energy supply and CER units provision. Seven of Greenko’s projects 
generate electricity from agro-residues. The company has 289 MW of clean energy capacity from 
hydro, wind, gas and biomass energy. The company also has a number of projects under development 
and acquisition and plans to reach 1000 MW capacity in 2015 and 3 GW by 2018. In 2013, Greenko had 
309 MW of power generation capacity with 51 MW being commissioned, 446 MW under construction 
and 1,529 MW of projects under active development. 

Ravikiran Power is a 7.5 MW biomass project located at Devinagar Camp, Kampli Road, Gangavathi 
Taluk of Koppal District, Karnataka. The Ravikiran Power project’s location was selected after surveys 
which indicated adequate availability of the agro-residue, primarily rice husk used by the project as well 
as proximity to an electrical sub-station for selling the energy generated. Koppal, Raichur and Bellary, 
which is also called rice bowl of Karnataka along the river Tungabhadra. The project buys 157 tons of 
agro-residues from local farming villages through a large number of biomass supply intermediaries and 
uses to assure regular supply at competitive process, providing an income-generating opportunity and 
a waste management solution. The project also provides employment to local villagers. The project 
uses rice husk, groundnut shell and bagasse as the major fuel and has a travelling grate, multi-fuel 
fired boiler. The electricity is sold to Gulburga Electricity Supply Company (GESCOM), which is a 
state-run regional electricity distribution company.

Ravikiran Power Projects Ltd, the subsidiary of Greenko Group, had entered into a PPA with Gulbarga 
Electricity Supply Co Ltd (GESCOM) for a period of 20 years, but the PPA was mutually terminated for 
the year ended March 31, 2013. The company is in discussions with various industrial and commercial 
customers in the state of Karnataka for the offtake of power generated by Ravikiran Power. No sales 
of power were made in relation to Ravikiran Power for the year ended March 31, 2014.
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Market environment
The main offtaker of the electricity is the state utility. However, it is possible to sell the power directly 
to other 1 MW electricity consumers using the state’s grid network as per the Electricity Act 2003. 
Such a third-party sale is a financially more attractive proposition due to the economies being driven 
by avoided cost of electricity supply, albeit it is slightly riskier in realization. 

As a result of economic growth, the energy consumption in the country and state are increasing and 
the market for electricity is growing. The share of the market for the project at the regional level, the 
market share, is 0.02%. The total potential of biomass power in the state of Karnataka is 1,500 MW 
for cogeneration using sugarcane bagasse in addition to 1,000 MW from agro-residues. The state of 
Karnataka is linked to the southern regional electricity grid, which has power and energy deficits and 
the energy distribution utilities have to resort to cyclical load shedding.

CERs are a type of emissions unit (or carbon credits) issued by the CDM Executive Board for emission 
reductions achieved by CDM projects and verified by a Designated Operational Entity (DOE) under the 
rules of the Kyoto Protocol. Methodologies are required to establish a project’s emissions baseline, 
or expected emissions without the project, and to monitor the actual on-going emissions once a 
project is implemented. The difference between the baseline and actual emissions determines what  
a project is eligible to earn in the form of credits. One CER equates to an emission reduction of one ton 
of CO2 equivalent. Holders of CERs are entitled to use them to offset their own carbon emissions as 
one way of achieving their Kyoto or European Union emission reduction target. In August 2008, prices 
for CERS were USD 20 a ton. By September 2012, prices for CERS had collapsed to below USD 5. 

The emergence of a secondary market for VERs outside the Kyoto Protocol is driven by corporations 
and individuals looking to reduce voluntarily their carbon footprint. VERs arise from projects awaiting 
CDM clearance, special situations (e.g. carbon capture and storage) or smaller projects.

Macro-economic environment
Electricity demand in India is likely to reach 155 GW by 2016–17 and 217 GW by 2021–22 whereas 
peak demand will reach 202 GW and 295 GW over the same period, respectively. At the national level, 
India faces an energy shortage of 10.6% and a peak power shortage of 15 GW. 

Renewable energy in India comes under the purview of the Ministry of New and Renewable Energy. 
In order to address the lack of adequate electricity availability to all the people in the country by 
the platinum jubilee (2022) year of India’s independence, the Government of India has launched a 
scheme called ‘Power for All’. This scheme will ensure that there is 24/7 continuous electricity supply 
provided to all households, industries and commercial establishments by creating and improving 
necessary infrastructure. A tenfold increase in solar installation rates to 100 GW by 2022, trebling to 
60 GW of new wind farms, 10 GW of biomass and 5 GW of small-scale run-of-river hydro has been 
targeted. In addition, India’s private sector has set targets to increase its use of clean energy as a part 
of global efforts to reduce greenhouse gas emissions in a bid to give a push to clean energy projects 
in the country. 

The country and the state have policies, fiscal and financial incentives to encourage independent 
power producers, especially those that are using renewable fuels such as agro-residues. The 
Government of India has provided tax incentives to renewable energy generators in the form of 10-year 
tax holidays from the usual rate of corporation tax, accelerated tax depreciation of assets and other 
fiscal incentives. In addition, the government has decided to waive transmission charges for electricity 
generated from renewable sources. This has been encouraged at state level by the implementation of 
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Value chain and position
The value chain of the business consists of agricultural production, collection segregation, transport 
and sales of agro-residues, conversion of agro-waste to energy, transmission of energy, and distribution 
and sales of energy (Figure 70). The critical relationships the enterprise has are with the agro-residue 
suppliers who ensure availability of adequate quantity of biomass with good quality at prices that 
make the business viable. The Ravikiran Power project has partnered with multiple biomass dealers 
who procure agro-residues from local farmers. The other significant and important relationship the 
enterprise has is with investors who finance the capital and operating costs and who expect a healthy 
return on their investments. The project’s relationship with a local distribution company that buys the 
electricity at a contract price plays a significant role in keeping the operation costs of the company 
lower. However, with only a single buyer of the electricity and also with other energy sources available 
in the market, there could be a significant threat from substitutes, but with the electricity shortage, it 
is not applicable. In addition, the project will generate 33,000 CERs per year. A flow-chart illustrating 
these relationships are given below.

The project is able to offer a good price for agro-residues which otherwise has a low economic value 
and is able to contribute to meeting the energy and power deficit in the electrical grid, providing 
additional developmental benefits. The catchment area of the project has enough agro-residues – 
primarily rice husk and also groundnut shell, arecanut husk and plywood waste. Greenko has secured 
a proportion of its feedstock supply locally to reduce transport costs through a combination of building 
relationships with local suppliers and developing its own fast-growing stocks on surplus or adjoining 
land at its biomass plants. The project processes about 157 tons/day of dry waste with less than 10% 
moisture content with specific consumption of about 1.23 kgs of waste/kWh. The cost of feedstock 
used to run a biomass plant represents approximately 50% of power revenue generated. Over time, 
the company intends to grow up to approximately 30% of its feedstock requirements. This should 
reduce Greenko’s dependency on external providers of feedstock and reduce fuel supply risks.

The fly ash is a lightweight particle captured in exhaust gas by electrostatic precipitators installed 
before flue gas chimney at the plant. Fly ash is very fine with cement-like properties and has long been 
used as an additive in cement, concrete and grout, as filler material and as ingredient for bricks. Fly 
ash bricks now account for about one-sixth of India’s annual brick production, saving energy, soil and 
carbon emissions and putting a toxic waste product to beneficial use.

Institutional environment
The legal and regulatory framework, with implementation of Electricity Act 2003, National Electricity 
Policy, the National Tariff Policy and the Accelerated Power Development and Reform Program, is 
conducive for waste-to-electricity projects in Karnataka and generally in India. Electricity generation 
projects do not require to obtain license to set up, have guaranteed open access to the grid and 
offered an attractive electricity purchase price and also open access to consumers over 1 MW. There 
are no regulatory issues relating to the sourcing of the agro-residues. The policy of the Karnataka state 
environmental agency – Karnataka State Pollution Control Board (KSPCB) covers hazardous waste, 
battery waste, e-waste and plastics and does not cover agro-residues that are the waste input to the 
power plant. However, KSPCB environmental policy does cover fly ash, which the plant generates.

The Ministry of New and Renewable Energy has implemented a wide range of programs for the 
development and deployment of biomass-based power generation. To encourage investment in 
the sector, fiscal and financial incentives have been provided that include capital/interest subsidy, 
accelerated depreciation, concessional duties and relief from taxes, apart from preferential tariff for grid 
power being given in most potential states. To facilitate the development of renewable energy sources 
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Agricultural residue $

FARMERS

AGRO-RESIDUE SUPPLIER

Agricultural residue $ Finance / $ ROI / $

INVESTORS

Electricity $

RAVIKIRAN POWER

Electricity $

KARNATAKA STATE TRANSMISSION CORPORATION

Electricity $

KARNATAKA STATE DISTRIBUTION COMPANIES

ELECTRICITY CONSUMERS

FIGURE 70. RAVIKIRAN POWER PROJECT VALUE CHAIN
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in the state, the Government of Karnataka established Karnataka Renewable Energy Development 
Ltd (KREDL) on March 8, 1996. KREDL will be responsible for laying down the procedure for inviting 
of proposals from Independent Power Producers (IPPs) and DPR and evaluation of project proposals, 
project approvals, project implementation, operation and monitoring. Single-window clearance will 
be provided. Gulbarga Electricity Supply Company Ltd (GESCOM) has the responsibility for the 
distribution of electricity in Bidar, Gulbarga, Yadgir, Raichur, Koppal, Bellary districts and purchases 
power from the project.

Technology and processes
The technology used for waste-to-electricity conversion is the steam cycle with biomass combustion 
which is proven and used in a large number of thermal (coal, nuclear and biomass) power plants 
around the world. Biomass combustion is generally suitable for large capacity (few MW and above) 
and grid-connected applications, whereas biomass gasifier and bio-methanation-based power plants 
are more suitable for sub-megawatt level and decentralized applications. The agro-residues are 
combusted in a multi-fuel, travelling grate-water tube boiler to produce steam. The steam passes 
through a condensing, impulse turbo generator, which generates electricity which is exported at 
110 kV to the state grid network. The risks associated with the technology have primarily to do with 
management of high-temperature steam in the boiler and in the turbo generator. The technology and 
equipment was locally sourced and spare parts, technicians, operators and technical expertise to 
service the technology is locally available. 

The biomass power projects are normally designed to handle multi-fuel (biomass) along with 
conventional fossil fuels like coal. Due to poor bulk density, the volume of biomass to be stored and 
handled poses challenges. The lighter particles of ash flying in furnace get carried away through 
flue gases and get collected in hoppers below economizer, air pre-heater, duct and electrostatic 
precipitator. From these hoppers the ash is either collected manually on tractor/lorries or dry ash 
conveying is carried out. See Figure 71 for Ravikiran Power project’s process flow.

Funding and financial outlook
Greenko was incorporated in 2006 and raised its equity through initial public offering by getting listed 
on the London Stock Exchange. Greenko Group has raised an equity of USD 1.8 million and debt 
of about USD 4.18 million and plans to raise further its equity in the near future. Ravikiran Power 
project is one of Greenko’s electricity generation projects under its portfolio financed from the debt 
and equity raised. See Table 22 on financials. In addition, the Ravikiran Power project also benefits 
from an interest subsidy of 2% on debt from public financial institutions. The total investment cost of 
the project is about USD 6 million, and plant and machinery is the major cost. The annual total cost of 
production incurred by the project is about USD 2 million. The fuel and agro-residue cost forms 50% 
of its operations, followed by debt payment and labor and maintenance. The Ravikiran Power project 
pays USD 15/ton of agro-residue.

Copyright Material – Provided by Taylor & Francis 



CHAPTER 5. RENEWABLE POWER GENERATION

SE
C

TI
O

N
 I

I:
 E

N
E

R
G

Y
 R

E
C

O
V

E
R

Y
 F

R
O

M
 O

R
G

A
N

IC
 W

A
S

T
E

200

TABLE 22. GREENKO FINANCIALS (IN MILLION USD)

Key capital costs
(2006)

Land building and civil costs 0.56 

Plant and machinery 4.5 

Miscellaneous fixed assets 0.16 

Preliminary and pre-operative expenses 0.6 

Operating costs Fuel/agro-residue costs 1.0 

Operation and maintenance 0.24 

Interest on debt 0.49 

Depreciation 0.29 

Financing options Equity from equity investors 1.8 

Debt from the state bank of India 2.0 at 12%/year interest

Debt from HUDCO 2.18 at 12%/year interest

Ravikiran Power project has two revenue sources – energy sales and CER sales. Revenue generated 
from annual CER sales is about USD 0.24 million for 37,468 tCO2eq/year carbon mitigation. Its annual 
revenue from sales of energy is an upwards of USD 2.53 million. Taking assumption of net revenue 
increase of USD 0.05 million every year, Greenko has a payback period of 4.71 years on its investment 
made in Ravikiran Power project. The investment has an internal rate of return of 16% and gross 
margin of 28%.

INPUT 
WATER

DEMINERALIZATION 
OF WATER

HIGH TEMPERATURES 
STEAM BLED OFF TO 
TURBO GENERATOR

ASH COLLECTED IN 
SCREW FEED AND 

CONVEYOR

INPUT 
WATER

COMBUSTION OF AGRO 
RESIDUES IN WATER 

TUBE BOILER

HANDLING OF AGRO 
RESIDUES USING BELT 

CONVEYORS

DEMINERALIZATION 
OF WATER

TRANSPORT OF AGRO 
RESIDUES TO PLANT

HIGH TEMPERATURES 
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TURBO GENERATOR
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GENERATION IN TURBO 

GENERATOR
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FIGURE 71. PROCESS DIAGRAM OF RAVIKIRAN POWER PROJECT
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CASE

Power from rice husk for rural 
electrification (Bihar, India)

Krishna C. Rao, Hari Natarajan and Kamalesh Doshi

Supporting case for Business Model 6

Location: Bihar, India

Waste input type: Primarily rice husk; Currently 
testing other biomass waste

Value offer: Electricity to households and small 
businesses and biochar

Organization type: Private

Status of 
organization:

Operational since 2007

Scale of businesses: Medium  

Major partners: Shell Foundation, Acumen Fund, 
Bamboo Finance, International Finance 
Corporation, LGT Philanthropy, CISCO, 
Ministry of New and Renewable Energy, 
Government of India, Farmers

Executive summary
Founded in 2008, Husk Power Systems Inc. (HPS) is promoted by first generation entrepreneurs 
Gyanesh Pandey, Ratnesh Yadav, Manoj Sinha (natives of Bihar, India) and Charles Ransler (USA). It 
has won several business plan competitions and secured foundation grants in the United States. As a 
rural empowerment enterprise, HPS has a mission to provide renewable and affordable electricity to 
rural people in a financially sustainable way. Most of rural Bihar suffers from poor access to modern 
energy with majority of households relying on either kerosene for lighting or other low-quality energy 
source, such as candle or batteries. HPS owns, installs, operates and manages decentralized rice 
husk/biomass gasifier-based 25–100 kW generation and distribution systems to deliver lighting 
and electrification services to 200–600 households on a “fee for service” basis to households and 
5–10 irrigation pump sets and small businesses in rural Bihar. HPS procures rice husk/feedstock at 
negotiated rates. The consumers prepay a fixed monthly fee, ranging from USD 2–3 to light two 
fluorescent lamps and one mobile charging station which is at least 30% cheaper than the cost of 
kerosene and diesel and enables savings of up to USD 50 for each household every year. HPS uses a 
franchisee-based business model and uses three distinct approaches to deliver electricity services: a) 
Build-Own-Operate (BOO) b) Build-Own-Maintain (BOM) – operation is managed by a local partner or 
entrepreneur and c) Build-Maintain (BM) – a local partner/entrepreneur owns and operates the plant. 
At the time of this assessment, the company had more than 84 plants, enough to provide electricity 
to over 250,000 people across 300 villages and hamlets and employing 350 people across the state 
of Bihar.1
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KEY PERFORMANCE INDICATORS (AS OF 2014)

Capital 
investment:

USD 1,300/kW

Labor: Full-time: 3; Part-time: 5–10

O & M cost: Estimated to be less than USD 0.15 /kWh

Output: 25–100 kW of electricity

Potential 
social and/or 
environmental 
impact:

Each unit serves about 200–600 households, 5–10 irrigation pump 
sets and small businesses; improved energy access and cleaner local 
environment, reduction in GHG emissions, employment generation

Financial viability 
indicators:

Payback 
period:

6–8 years Post-tax 
IRR:

N.A. Gross 
margin:

45%

Context and background
Despite significant efforts and resources deployed by the Government of India towards rural 
electrification, about 480 million citizens residing in about 125,000 villages in India (45% of the total 
population) do not have access to reliable power. Of those who do, almost all find electricity supply 
intermittent and unreliable. When grid rationing takes place, villages often receive power only after 
midnight when “priority” demand from cities and industry is low. This is of little use to rural households 
and businesses. The Indian government has designated several thousand villages as “economically 
impossible” to reach via conventional grid. Without electricity, these villagers are forced to live at 
the whim of natural forces and lack basic communication, education and healthcare infrastructure. 
Common energy supply options, such as kerosene lanterns or diesel generators, are uneconomical, 
inefficient and environmentally unfriendly. 

The state of Bihar is third largest with 82.9 million population and 12th largest with 94,163 km2 
geographical size in India. Only 52.8% of villages and 6% of households of the state are electrified, 
leaving about 85% of the population with no access to electricity. Even the villages connected to grid 
have frequently interrupted poor quality of power supply. However, Bihar is blessed with fertile soil 
and good rainfall. It has several geographic and climatic advantages to harness renewable energy. 
The decentralized electricity generation is the possible solution to reduce transmission losses and 
to provide electricity to densely populated villages with scattered but large number of small-scale 
commercial activities. The decentralized power generation can make use of readily-available biomass, 
which is typically transported out of state. Bihar is a part of the rice belt of India, producing about 4.7 
million metric tons of rice per year, generating about 1 million tons of rice husk which is underutilized 
and is a good source for fuel. Each 32 kW gasifier installed by HPS requires approximately 60 kg of 
rice husk per hour or 15,000 kg rice husk per month assuming eight hours of operation per day. It was 
in this context that HPS initiated its operations in 2007, using rice husk as fuel to generate electricity 
to provide safer, better and cleaner lighting solution at an affordable cost to rural households in Bihar.

Market environment
HPS has identified 25,000 villages as feasible sites within India’s rice producing area (Bihar and 
neighbouring states) for its projects. Promotion of the plants is largely by word-of-mouth and also 
through local press and media, and their benefits are now well known in Bihar. HPS receives several 
hundred enquiries about installations each year.

While the minimum services offered by HPS to a household is two light connections and one mobile 
charging point, a small percentage of households in each mini-grid request and obtain additional 
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supply to power household appliances, such as a fan, television, radio, etc. The cost of services 
offered by HPS is significantly higher than that of the state utility, but the grid is practically non-existent 
across Bihar. Even if the grid were to penetrate these areas in future, HPS plants can feed its energy 
to the grid with minimal additional investment. Also the state of Bihar has numerous private diesel-
generator-run electricity providers whose service provision is similar to services offered by HPS. With 
rising diesel prices, in the long run, it would be difficult for them to compete with HPS.

The residue from gasification is a carbon-rich ash, or biochar, is rich in alkaline components (Ca, Mg 
and K) high in silica, and this may contribute to the neutralization of soil acidity and to a decrease in 
the solubility of the phytotoxic metals such as aluminium in the soils. Biochar can bind and release 
nutrients (N, P, K and Ca) and could reduce nutrient leaching to the subsoil. It also retains water in soils 
with low plant-available water and helps draining flood-prone areas. It can be used to improve the 
fertility of the soil for growing rice or vegetables. Biochar also has appreciable carbon sequestration 
value. These properties are measurable and veri�able in a characterization scheme, or in a carbon 
emission offset protocol.

Macro-economic environment
India has been promoting biomass gasifier technologies in its rural areas to utilize surplus biomass 
resources such as rice husk, crop stalks, small wood chips and other agro-residues. The goal was to 
produce electricity for villages with power plants of up to 2 MW capacities. During 2011, India installed 
25 rice husk-based gasifier systems for distributed power generation in 70 remote villages of Bihar.

The Electricity Act 2003 de-licenses power generation completely and the techno-economic clearance 
from the Central Electricity Authority (CEA) has been done away with for any power plant, except 
for hydroelectric power stations above a certain amount of capital investment. The Independent 
Power Producers (IPP) can sell electricity to any licensees or where allowed by the state regulatory 
commissions to consumers directly. However, the act provides for imposition of a surcharge by the 
regulatory body to compensate for some loss in cross-subsidy revenue to the SEBs due to this direct 
sale of electricity by generators to the consumers. As per the Act, 10% of the power provided by 
suppliers and distributors to the consumers has to be generated using renewable and non-conventional 
sources of energy so that the energy is reliable.

The Government of India launched the Rajiv Gandhi Grameen Vidyutikaran Yojana (RGGVY) – 
Programme for creation of rural electricity infrastructure and household electrification in April 2005 for 
providing access to electricity to rural households. As on 30.04.2012, against the targeted coverage 
of 1.10 lakh2 un-electrified or de-electrified village and release of free electricity connections to 2.30 
crore3 Below Poverty Line (BPL) households, electrification works in 1.05 lakh un-electrified or de-
electrified villages have been completed and 1.95 crore free electricity connections to BPL households 
have been released under RGGVY. Under RGGVY, electrification of un-electrified BPL households is 
provided free electricity service connection. Infrastructures created under RGGVY can be used for 
providing connections to Above Poverty Line (APL) by respective distribution utilities by prescribed 
connection charges, and no subsidy is available for this purpose. On one side, the program improves 
access to energy, while on the other side, it creates further problems for India’s electricity sector. In 
addition to RGGVY, there are subsidies provided by the Ministry of New and Renewable Energy for 
renewable energy projects such as biomass gasification.

Business model 
The business offers multiple value propositions, and the primary value proposition is to provide 
high-quality electricity service to household and businesses in rural areas that have either no access 
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to electricity or it is unreliable (Figure 73). The enterprise uses rice husk from rice farmers and rice 
mills to generate electricity using biomass gasification technology. The enterprise partners with local 
community and the government. HPS uses a franchisee-based business model through three distinct 
approaches to deliver electricity services: a) Build-Own-Operate-Maintain (BOOM), b) Build-Own-
Maintain (BOM) – operation is managed by a local partner or entrepreneur and c) Build-Maintain (BM) 
– a local partner/entrepreneur owns and operates the plant.

Value chain and position
The rice husk (or hull) is the outermost layer of the paddy grain that is separated from the rice grains 
during the milling process. Around 20% of paddy weight is husk which is largely considered a waste 
product with no commercial value and is often burned or dumped in the rivers or on landfills. As per 
estimates, about 1.8 billion kg of rice husk are produced every year in Bihar. The franchise partners 
procures rice husk from local rice farmers. HPS is dependent upon farmers and rice mills for rice husks 
and to mitigate any potential shortfall, HPS reaches out to more farmers/rice mills (Figure 74).

The cost of rice husk is approximately USD 0.02–0.025/kg. HPS faced significant challenge in 
procuring rice husk for the gasifier for a suitable price. At one point suppliers – rice mill operators 
and farmers – started demanding higher price. HPS countered this by establishing its own rice mills, 
where it offered milling services at no cost in return for the rice husk. This forced the suppliers to enter 
long-term contracts at a fixed price. HPS is exploring other input feed stocks such as wheat husk, 
mustard stems, corn cobs, wood chips, etc. HPS business suffers from substitutes and new entrants. 

HPS’s value proposition lies in making the plants so simple to operate and maintain that high-school-
educated people from the village can be trained to manage and run them. Tars and other particulates 
in the producer gas can damage equipment, in particular engines, so a key factor for successful 
operation is the rigorous HPS maintenance program. HPS also requires high safety standards and 
detailed monitoring. It is through this attention to maintenance and monitoring that HPS plants achieve 
over 93% availability.

Electricity fees start at USD 2.2 per month for a basic connection of two lights and one mobile phone 
charging. “Pay for use” service approach is being followed by HPS for raising revenue and supplying 
electricity at a low cost. Low-cost prepaid meters have been installed that can efficiently regulate 
the flow of low-watt electricity and reduce electricity theft to less than 5%. One month’s deposit is 
required when a customer signs the supply contract with HPS. The local HPS collector goes from 
house to house to collect the fee each month in advance and checks that everything is working well. 
All complaints are logged and followed up. Under the terms of the contract, HPS agrees to provide 
service for at least 27 days every month and pro-rates the fees if this level is not met. However, 
average provision is now over 28 days per month (93% availability). All customers are trained in safe 
use of electricity. The biochar, the residual waste from the plant, is used in making incense sticks, 
rubber and manure. About 1,200 women have been employed in incense-stick manufacturing. 

HPS has set up a first-of-its-kind ‘Husk Power University’. The university will serve as a training 
facility where new recruits and existing staff will be trained in large engine repair and maintenance, 
facility management and continuous improvement processes. It will help in job creation for Bihar 
youths, particularly those living in rural areas, and also in enhancing health and safety conditions at 
the existing operational sites located in rural areas. HPS has developed significant public support in 
the local community since it not only provides access to electricity but also creates local employment 
opportunities either through direct employment in the plant or in the making of incense sticks.
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